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(54) Tubular air cathode, method of fabricating 

(57) An elongate, generally tubular, air depolarized 
electrochemical cell (10) comprising a cathode (14). in- 
cluding an air cathode assembly (26), extending about 
the tubular circumference, and along the tubular length, 
of the cell (10), an anode (12). a separator (1 6) between 
the anode (12) and the cathode (14), electrolyte, a top 
closure member (1 77, 200), and a bottom closure mem- 
ber (114, 202). The cathode assembly (26) is tlxecly 
held, by a friction fit. in a slot (11 6) at the bottom of the 
celL The slot can be developed, for example, by inner 
(110) and outer (114) walls of a cathode can (28). by 
inner (226) and outer (224) waits of a bottom closure 
member (202), or by an outer wall (114) of a cathode 
can (28) and an opposing outer wail of a plug (1 28) on 
the interior of the cel. Preferably, bottom closure struc- 
ture of the call (10) and receives a bottom edge portion 
(44) of the cathode current collector (32). and makes 
electrical contact with the bottom edge portion (44). pref- 
erably at an inner surface (60) of the cathode current 
collector. A diffusion member (36) of the cathode as- 
sembly (26) is preferably compressed as a seal, at the 
bottom of the cell (10), between an outer side wail (39) 
of the cell and the remainder of the cathode assembly 
(26). The diffusion member (36) is also used at least as 
an assist in sealing the cell (1 0) against electrolyte leak- 
age from the anode cavity (137) and past the cathode 
assembly (26). 

The current collector (32) can be cylindrical and can 
be free from longitudinal jointing, or can have a longitu- 



dinal joint (54), preferably free from overlap of the side 
walL The current collector (32) can comprise an imper- 
forate edge region at the top (42) anoVor bottom (44), 
left (48) and/or right (^6) edge. The perforations (56) de- 
tine an open fraction ot the wan. ol about 45 to about 70 
percent. Typical cathode assemblies (26) have air diffu- 
sion member (36) on the outer surface of the cathode 
assembly (26). Such air diffusion member (36) typically 
has thickness of about 0.0025 to 0.005 inch (about 06 
to about .13 mm.), and comprises a reduced thickness 
endless wrap extending at least 1 .5 times, preferably 2 
times, or 3 times, about the current collector (32), dis- 
couraging transfer of moisture vapor into or out of a cell, 
discouraging leakage, and controlling air diffusion rate. 
The diffusion member (36) extends beyond the top edge 
(42) of the current collector, and is folded in and down 
about the top edge (42) and inner surface (60) of the 
cathode assembly (26). The cathode current collector 
(32) can be mounted on a mandrel (93). the carbon 
sheet (60) passing through a nip defined between (i) 
support structure (192) having greater arc radius than 
the mandrel (93) and (ii*) the mandrel (93). and applying 
force at the nip to consolidate the carbon (80) onto the 
side wall (58). passing air diffusion material (36) through 
the nip, and applying force to consolidate the air diffu- 
sion material (36) onto the carbon (80). The invention 
contemplates fabricating an air cathode assembly (26) 
comprising m unting the current collector (32) on a 
mandrel (93). defining an arc having a radius smaller 
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Description 

BACKGROUND 

rnrwii This invention relates to air depolarized electrochemical cells. This invention is related spectfically to metal- 
""a deZ^e" trochemtal eel illustrated here* both as elongate cy.indrca, ce.ls and - bono ^ 
cL EMte cells are described here* with respect to cells having the size generally known as AA. Button cells 
« co^.^U Produced in smaller sizes having lesser heighMo-diameter ratios, and are generally ejected toward 
«et^^K. and small computer ce.ls. Such button ce.ls generally feature overall contained cel. volume ot less 
>, o an n fry tha heanna aid cells less than 1 cm 3 . 

1S£ Tn advantages ol air depolarized call, have boon kno«n as far back as the 19ft century. Genera*, an air 
SrizI2 cefdraw, oxygen from air of the ambient environment, for use as the cathode act*, matenal. Because 

. Z. mode active material can. in general, be utilized for containing anode active material. 

[0003] Accoroingiy. u material which can be contained m a 2-electrode cell ot the same 

el rrrr-* car- srss: — «— - — ~ 

[0007] By the. mid 1 98(rs. zmc a*r C8H5 D ~V ff rt ^ be6n ^gcted toward a number of issue*. 

has been ™" - "» •* - 

For example, efforts have been directed towarc nncr w 8 1 provjding high er voltages desired for newer 

out of the cell : and the like. « m« ability to consistently control movement of the central 

surface of the cathode can. widM _ rsad US8 h haart , g appliances, and some use as back-up 

generally limited to sizes of no more than 0.6 «^ « era »^"' ' ^TL^J i^nxh.mical cH. for other applca- 
Lss' oi air c*po*nzed cells, . would be d.«rab J to ^^J^SSSSSZm are relatively much larger 

cell sizes, 
so SUMMARY OP THE INVENTION 

rOOU, The present Mention „ various aspect, is as claimed n the independ-n Ca.m. w» optica, feature. 

recited n the dependant claims. 

[001 3] Embodiments of the invention can provide: 

an air depolarize button cell having "J*^ coUector and the cathode 

an air depolarized cell having improved electrical contact between ™ ««■ 
terminal r cathode can; 
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totem The invention further comprehends a method of fabricating a tubular a* cathode assembly for use atong an 
Kate side wall ol an elongated depolarized elecuochem,cai cell. me method composes fabricate an etongate 
Sca^odTcurrent coHector havrg an elongate „de wail aetin.ng a tubular cros.-sect.on and an array o Ipjjtto- 
Ss exSg through the side wall: m uming the elongate tubular cathode current coHector on a mandrel havmg 
^s£«™ defining an arc having a radius ,rr*..er man an arc defined by me tubu^ 
Lr^tcc^ 

LTSS r Posing a such carbon sheet trough a np defined between (i) me combmafon ol the 
IhoTe c r,?n coLor and (ii) a support structure hav*g greaterarc radius than the 

applytg force at the nip sufficient to apply and console the carbon sheet onto an outer surface of the wall of 
riTl'eCdrS include app*ing sufficient force at the nip to deform port^ of the carbon sheet Wo the 

ends of the cathode current collector. fah ricatina a tubular air cathode assembly for use along 

[003*1 Theinventionstaifurthercon^ 

anelonga«.sidewa..ofane£^ 

tubular cathode current collector havmg an ^.^32 cathode current collar on a mandrel having 

rations extending through me sid. wait n^J » - JJJ 2^1w2 tubular cross^on of the cathode 
a cross-section, defining an arc hav^g "l^"™ 1 ^^ 

current coHector. and mounts the combnatton of m « ^"'J^^, ^ up to about 10 perc«it by weight 
rote; fabricating carbon sheet structure compr*ng ^^^^^^Z^^on. havrg a machtn. dh 
of a binder, and thereby ^"^sCu^of es^I^g u^nToJTof at _ first and second 
rectton and a cross d.rection; ^9 a sf«e«t stock of '^^'^ ^^^^^mt^x^. 
elementsof the carbon sheet structure. ^JS^tt 2 S* such that the applied force ef ects re- 

passing the sheet stack through a nip ^^^SSS^i ^resp^e e.emS. of the carbon she* 
duction in me thickness of the sack. ^J^^^^^Z^^ carbon she* into the stack of a- 

and. after calculating the carbon ^^•^ 1 ^ 1 ^ 9 r, XVrg an air diffusion material into th. stack of 
cathode current cotoctor and the carbon sheet on the mandreL passrg an sufficient to apply and 

assembly roUa and thus through the pluralSy of nps, and applymg force at me nips co 

consolidate me dHusion material onto th. carbon sheet oJ assembly rolls 

[0038] The mvenbon can include stretching th. a.r drffus^n ™' e ^ 8 ^' n9 ^ #d mf dnution to th. 

ar^mu. mrough th. plurality of nip* and applyrg a suffic-nt ^*^££Zm* „ matched air diffusion 
carbon sheet to wn* me Reheat in atl^ 

material, thereby to fabricate onto*, carbon «» air dMtu.ion materia, so as to 

collector. . . .i«etrochemicaJ ceQ comprising an anode, a cathode. 

10040] The invention further comprehends an air depolarized electrocnemcai 
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[0071] FIGURES 26-27 are representative cross-secttons of bottom portions f cathode cans made using pre-forms 
of FIGURE 25. 

(0072] FIGURE 28 is a representative cross-section showing a wide seal bead being formed at the bottom flange of 
the cathode can. 

5 [0073] FIGURE 29 is a photograph showing a cross-section of the bottom portion of a partially assembled cell, con- 
figured as me bottom portion of the cell in FIGURE 26. and made using in situ melting as the method of placing the 

[0074] S FIGURE 30 is a representative cross-section of a cell of the invention similar to the cell of FIGURE 2. and 
illustrating an alternate top seal structure. 

to [0076] FIGURE 31 A is a representation of a photograph showing a cross-section ot a portion of a cell which has 
undergone significant discharge, wherein the zinc was loaded into the anode cavrty m generally dry condition, and 
illustrating progression of the reaction front from the cathode current collector toward the anode current collector 
[00761 FIGURE 31 8 is a representation of a photograph showing a cross-saction of a portion of a cell which has 
undergone significant discharge, wherein the zinc was loaded into the anode in a wet or gelled condition, and .llustrating 

f* orooresston of the reaction 1ront from the cathode current collector toward the anode current coliectct 

[0077] FIGURE 32 is a cross-eection of a ceil of the invention as in FIGURE 2. and employing a hollow tubular anode 
current collected as a mass-control chamber , 

f00781 FIGURE33isacro«8*ecticnofacar>le8sem ^ 

[0079] FIGURE 34 is a fragmentary cross-section showing top and bottom portions of the cell of FIGURE 33. further 

foSS* FIGURES 34A-34D illustrate cross-sections of additional embodiments ot top closure structure of the eel 
[0081] FIGURES 35 and 36 show representative elevation views of apparatus useful for closing and enmpmg the 
too and bottom members of can-less embodiments of cells of the invention. 

[SS FIGURE 37 shows a cross-sect.on of a can^ess embodiment of cells of the invention, utl.zrg a hollow anode 

25 [oSS] C RGURE 38 shows a cross-section of a can-less embodiment of cells of the invention, utilizing a hollow anode 
current collector having central openings in both the top and the bottom oi the cell. 

rm rSSe 39 illustrates a cross^ection as in FIGURE 38. and utiii* a modified bottom ^ure of the ceil. 
[SS! fiGuS^ 

30 The invention is not limited * its application to the details of construction or 

set forth in the following description or illustrated in the drawings. The nvent.on is capable ofother ^^ e ^ or ° f 
^Tor^M or carried out in various ways. Also, it is to be understood that the terminology and phraseology em- 
^IS^. tor purpose of description and illustration and should not be recorded as limrting. Urn reference m, 

35 merals are used to indicate like components. 

DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS 

[0087] An elongate cylindrical metal-air ce« 10 to shown in pictorial view in FIGURE 1 . ^^^^j™!' pr^^jTat 



so 



fc^TS, Mr tuttcn ctffcft. act*, a* cam*. ^^^^^ 
Kg «or a »«. tractton * th. ce.. v«ume to " o, 

disposition oi anode material in close P™** *• *' "i^SUongate crtl. Greater anode weight 
theelonga.ecell.as wall a. allowing for mcreased ^ ' ^^.^Srs ot a standard 2-lectrode 
potentially enables the cell to deliver about two to three tunes the discharge watt-nours o. 
alkaline zinc-manganese dioxide cell ol the same size andconfi^m^ 
[0090] The dominant electrochemical reactions associated with operation ot ztne-air ceua. 9*. 



55 considered to be as follows. 
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ports electric current at and through, to and from, the cathode. The cathode current collector generally provides that 

structural material which contributes most to defining the overall length, and the inner diameter, ol the air cathode. In 

the embodiment illustrated in FIGURE 4. the current collector further provides substantially ail the structural hoop 

strength present in th air cathode. 
5 [0100] A preferred embodiment of cathode current collector 32 for use in an elongate cylindrical cell is illustrated in 

FIGURE 4 and is generally made from a square or otherwise rectangular, perforated metal sheet 40, illustrated in 

FIGURE 5. Metal sheet 40 has top and bottom edge portions 42. 44. respectively, and right and left edge portions 46. 

48. respectively. As illustrated in FIGURES 4 and 5. top and bottom edge portions 42, 44, and right and left edge 

portions 46 ; 46. are preferably not perforated like the remainder of sheet 40. 
70 [0101] While top and bottom edge portions 42, 44. and right and left edge portions 46. 48, can have some perforations 

in some embodiments, the high level of perforations extant over the remaining majority of sheet 40 is not preferred in 

especially right and left edge portions 46. 48. 

[0102] For a "AA* size elongate cell, top and bottom edge portions 42. 44 typically have widths "W1 * of about 0. t 
inch. See FIGURE 6. As discussed hereinafter, bottom edge portion 44 provides a smooth surface for facilitating elec- 
ts trical contact between current collector 32 and the cathode can. Top edge portion 42 provides a smooth surface tor 
assisting in creating a seal against leakage of liquid electrolyte past the cathode assembly and grommet 18. 
[0103] Current collector 32 can be fabricated from a metal sheet as illustrated in FIGURE 5 into a cylindrical config- 
uration such as that shown in FIGURE 4 by. tor example, welding, such as laser butt welding (FIGURES 4A. 48). 
respective left and right distal edges 50, 52 of edge portions 46. 48 to each other to create a joint 54 along the length 
20 of the cylindrical* configured sheet 40, thereby to fixedly secure the cylindrical conflguratjpn. 

[0104] While joint 54 can be formed by e.g. welding overlapped elements of the structure of edge portions 48. 48. 
the resulting double thickness of sheet material 40 at the resulting joint 54 is not preferred Accordingly joint 54 is 
preferably fabricated without layer-on-layer overlapping of the structures o1 edge portions 46. 48 one on the other. 
Rather, distal edges 50, 52 are preferably butted against each other in fabrication of the butt welded embedments 
25 shown in e.g. FIGURES 4A ; 48. 

[01 05] The illustrated e.g. but! welding thus creates longitudinal joint 54, which can be a series ol spot welds (FIGURE 
4B), or can be a continuous weld (FIGURE 4A). Any other operable method of joiniig edges 50, 52 which thereby 
effectively converts metal sheet 40 into the cylindrical, or otherwise closed, configuration seen in FIGURE 4. is accept- 
able. The recited exemplary and preferred laser butt welding of metal sheet 40 can be done by Laser Services, lnc. ; 
30 Westford, Massachusetts. USA. 

[0108] Right and left edge portions 48, 48 typically have widths •WT of about 0.03 inch, to provide desirable quantities 
of material from which butt weld 54 can be formed. 

[0107] Metal sheet 40 includes perforations 56 (FIGURES 5, 6. 7) extending through the thickness Tl • (FIGURE 
7) of metal sheet 40. from outer surface 58 to inner surface 60. A typical such metal sheet, suitable for fabricating 
cylindrical current collector 32 for a* AA" size elongate cel. contains about 4000 of such perforations 56 as illustrated 
by Table 1 The number of perforations depends on the sizes and configurations ol the perforations, and the widths 
•W3' of webs 62 between the respective perforations. Perforations 56 are preferably regular hexagons, measunng 
about 02 inch between opposing straight sides thereof. In the embodiments illustrated m FIGURES 4. 5. and 6. the 
widths W of webs 62 are preferably also about 0.02 inch. Accordingly, in the embodiments illustrated n FIGURES 
4 5 and 6 perforations 56 represent about 65% of the overall surface area of metal sheet 40. In general, for a cell 
intended for use to deliver a high rate of electrical discharge, perforations 56 should usually represent about 45% to 
about 70% of the overal surface area of that portion of metal sheet 40 which is perforated. 
fOIOBl While perforations 56 have been illustrated as regular hexagons, a variety of other shapes are acceptable. 
There can be mentioned, tor example, circles, squares, and e.g. equilateral triangles. Circular Prorations 56 are 
illustrated in current collector 32 shown in FIGURE 6. Square perforations 56 are illustrated n current collector 32 
shown * FIGUf« 9. However, because of advantageous resulting strength of the fabricated cathode current col- 
lector and effective securtment of th. active cathode catalyst to current collectors having hexagonal P^ton. W 
fon. perforates 56. as illustrated in FIGURES 5 and 6. are preferred. After hexagonsjhe «un ^shapes 
which createlornw. are preferred because the comers improve securement of th. active cathode catalyst to the 
^ent coi^. as cornpared to. for example, circles, ellipses, and like shapes which are devod of comer structure 
where two side edges of the corresponding opening come together 
[0109] Tablet illustrates W ical parameters of various perforattor* sue* as 

catS. current collector sized for a 'AA' size elongate cell. Th. column labeled "Open %• refers to that port.cn of th. 
metal sheet which is perforated, irrespective of edge portions 42. 44. 46. 48. 
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[0117] Accordingly, the actual number of perforations used in a particular implementation of the invention results 
from balancing the benefit, tf any. in the particular use for which the cells are planned, of a larger number of smaller 
perforations against the cost of making such larger number of smaller perforations. 

[0118] The acceptable range of the number and sizes of perforations, of course, depends on the size of the overall 
s surface area of metal sh et 40 being perforated. Thus, where a larger cell is being fabricated, and a respectively larger 

overall surface area of metal sheet is being perforated as the current collector, the upper end of the range of the 

acceptable number of perforations is increased accordingly. Where a smaller cell is being fabricated, and a respectively 

smaller overall area is being perforated as the current collector, the lower end of the range of the acceptable number 

of perforations is reduced accordingly. 
to [0119] In the preferred embodiment, perforations 56 as in FIGURES 5 and 6 are preferably fabricated by placing a 

suitable photo mask on metal sheet 40. The unmasked areas of the sheet are then acid etched to thereby fabricate 

the perforations. 

[0120] In an alternate construction, current collector 32 can be made of woven wires rather than a perforated metal 
sheet Preferred screen size corresponds to greater size wire and openings than 200 standard mesh size. Mesh sizes 
is of about 1 6 to about 1 00 tend to work well. Mesh sizes 24. 37. and 40 work particularly well. Similar sizes tor perforations 
56 and webs 62 are contemplated in the embodiments made with etched metal sheet. 

[0121] In some embodiments, metal sheet 40 is perforated right up to and including right and left distal edges 50 ; 
5Z while edge portions 42. 44 are retained imperforate, whereby edge portions 46. 48 are obviated. Further, woven 
wire embodiments may not include imperforate edge portions 46. 48. In such embodiments, butt welding of distal edges 

20 so, 52 to create joint 54 is somewhat more difficult because of the void spaces between webs 62 at distal edges 50. 
52! or between adjacent wires in woven wire embodiments. In place of butt welding, cooperating webs 62. or corre- 
sponding wires 62. can be interdigitated. and edges of such interdigrtated webs or wires can be welded together as a 
third example ol methods of forming joint 54. Given the greater precision required for joinder of edges 50. 52, where 
perforations 56 extend to edges 50. 52. fabrication considerations suggest that such embodiments are not preferred: 

2S [0122] In still other embodiments, metal sheet is perforated right up to top and bottom distal edges 57, 59. while 
edge portions 46. 48 are or are not retained imperforate, whereby edge portions 42. 44 are obviated, in such embod- 
iments, use of the upper edge area of cathode current collector 32 in forming a seaJ against electrolyte leakage may 
be somewhat degraded such that there may be a need 10 employ other provisions for leakage control. Similarly use 
of the lower edge area of the cathode current collector as a contact surface for making electrical contact with the 

30 cathode can may be somewhat less robust than imperforate embodiments, such that other provisions tor electrical 
contact may be employed. However, such spaced contacts between the cathode current collector and the cathode can 
or other cathode terminal is routinely used with satisfactory result, in air depolarized button ceils. Nonetheless, con- 
siderations of performance potential suggest that perforations up to lop and bottom distal edges 57. 59 are not preferred. 
[01 23] Metal sheet 40 can be made from any material which provides suitable conductivity for collecting and trans- 

55 mitting the electrical current flowing through the cathode, while tolerating the alkafine electrolyte environment. Typical 
material for metal sheet 40 for embodiments illustrated in FIGURES 1 . 2, 3A. 3B. 4, 5, 6. and 7, for a size *AA* elongate 
cell is nickel sheet .005 inch thick. The range of thicknesses of the cathode current collector for a size 'AA' cell ts from 
about 003 inch to about .010 inch. Thinner materials outside the recited range may be difficult to fabricate, and may 
lack sufficient structural strength. Thicker materials may be too rigid to fabricate into annular shape. In addition, such 

40 thicker materals do use greater amounts of raw materials, and do occupy a greater fraction of the Limited space available 

[OIM^tS^II complement of sizes within the recited range can be utilized in the invention, for example and without 
Imitation, .004 inch, .006 inch, .007 hch. or .008 inch. Thinner material is preferred where emphasis .s placed on min- 
imize the thickness of non-reactive materials, thus to provide greater internal volume inside the eel packing^ « « 
45 greater quantity <rf eleclroactive anode material or thus to control weight of the cel. Thicker material is preferred where 
emphasis is placed on physical strength anoVor rigidity of the air cathode assertory. 
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[01251 Hoop •wnglh ol annular current collector 32 as n FIGURE 4 is related to the mathemateaJ square of the 
hicSL SZmm rnetal 40. Thus, the strength of a current collector .007 inch thick ha. approarnately two'*™ 
r^stttngtnTx 7 = 49) of a corresponding current elector wnich is .005 inch thick (5 X 5 
o7!hVsZgWc<th..OT 

rol^'lnother embodiments, metal sheet 40 is replaced ^°9<™^«™"^°!^™**^ 
So. in such structure, th. wires genera,***, the P^<^- to62 ^^^^^^^2 
about .003 inch to about .010 inch thick and include, the full complement ol sizes ™£j " '™ 
h«i„ tor ft. she., matol th.cXne*. Curr.nt Sector, can be tabneated from sue* m J^^^^^ 
4. adjoining surfaces of respective cooperating wire, in the weave. In place of butt welting. W^™es«»*« 
■nterfigrtatad as discussed h.rer, above, and cooperating edge* °< such int.nligtetad ^'^^^'^ £™ 
£f.GURE4C Theb .tomedgeclFIGURE^aiustratMperforat^sSeext^xfingt <h.d.stal edge 59 of th. bottom 
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and the same structures, as are recited above for current collector 32. Any kn wn method (or making perforations m 
metal sheet can be used to make perforations 56 A, including the use of woven wire to fabricate the perforated central 
region, or the above noted combination of photo mask and acid etching of metal sheet. Thus, 'perforated/ 'imperforate, 
* and like expressions include, without limitation, both perforated metal sheet material, woven wire articles, and articles 
made of woven web material. Web material is an elongate wire-like or strap-like structure having width greater than 
top-to-botlom thickness. 

[0138] Perforations 56 A. and the corresponding webs, can have any of the shapes and configurations described 
above for perforations 56 such as square, circular, hexagonal, and the like. 

[0139] FIGURE 5C illustrates generally a process for fabricating current collectors 32A. As suggested in FIGURE 
SC. cooperating registration holes 533 are fabricated along opposing edges 535. 537 of a suitable metal strip 539 
having thickness and composition consistent with the above recited thicknesses and compositions. Suitable photo 
mask and acid etching are then employed, in cooperation with registration holes 533. thereby to fabricate multiple 
spaced circular arrays 541 of perforations 56A representing respective central portions 55A of precursors of current 
collectors 32A. The respective arrays 541 are subsequently punched from metal strip 539. along with a corresponding 
border region about each array, to thus fabricate a corresponding number of cathode current collectors 32A. As an 
array is punched out ol strip 539. the correspondingly punched border region becomes region 61 A in the respective 
current collector 32A. 

[0140] An advantage of the border region 61 A. as compared to a current collector made entirely ol woven wire or 
the like, is that the entire outer edge 67A of the border region is available for making electrical contact with the cathode 
can whereas only ends of the respective wires are so available in a current collector made entirely from wire, tor making 
electrical contact with the cathode can. In addition, the border region participates in the formation of an effective seal 
agarwt leakage of electrolyte out past the grommet and thence out of the celL 

THE ACTIVE CARBON CATALYST 

[0141] Active carbon catalyst 34 is generally supported on current collector 32. The active carbon catalyst provides 
reaction sites where oxygen from the air reacts with water from the electrolyte, e.g. according to the above cathode 
half reaction, to generate the hydroxy! ions which are later used in the anode to release electrons, e.g. according to 
the anode half reaction. Carbon particlea in the active carbon catalyst thus provide solid reaction sites for the aiMiquid 
interface where aqueous liquid and gaseous oxygen come together and effect the electroactive cathode half reaction. 
[0142] The carbon catalyst cooperates with the current collector in collecting ancVor conducting current within the 
cathode in support of the cathode half reaction. 

[0143] In order to limit internal resistance in the cathode, during the process of joining carbon catalyst to the current 
collector the carbon catalyst is brought into intimate contact with current collector 32 ; including and especially at per- 
forations' 56 Referring to FIGURES 3A. 7 and 10. carbon catalyst 34 preferabV extends through perforations 56 and 
extends outwardly of the projections of perforations 56 at and adjacent inner surface 60 of current collector 32. Thus, 
the carbon catalyst is generally intimately interlocked with current collector 32. throuo* perforations 56, about the 
perimeter edges of the respective perforations, at both outer and inner surfaces 58. 60 of the current collector. 
[0144] ReferTiig to FIGURE 10, upon completion of assembly of the carbon catalyst to the cathode current collector 
carbon catalyst 34 preferabV covers the entirety of that portion of cylindrical outer surface 58 of the current collector 
which lies between top edge portion 42 and bottom edge portion 44. 

r01461 Carbon catalyst 34 is a combination of carbon particles, a binder, and processed potassium permanganate. 
During processing of the potassium permanganate in creating carbon catalyst 34. the carbon reduces the manganese 
to valence state +2 (hereinafter -manganese (!!)•). The combination of valence state +2 mangles* wrth surtably 
activated carbon, acts successfully as catalyst for reduction of oxygen in air cathodes. As a result of n situ reactoone. 
cataMicairy active manganese (II) forms in the matrix of the active carbon catalyst _ 
^SS cJ^^Moe^ be fabricated, and mounted on current co«^ 



inciting catty* 34 to represented by carbon pa/tclee havng surface area greater than 50 
( m2/g). prefen^greater than 150 m*/Q. more preferably greater than 250 m*/* etil more preferabry b^ena^ 
2»mVgar^^ 

about 900 n*/g and 1300 rn^g. and most preferably between about 1000 afM 
[0147] in a preferred embodiment, carbon of the present invention has the <<*^***^^*^*™ 
etJen 1000 rrvVg and 1160 rrWg, apparent density of about 0.47 gycc to about 

cc; real density of about 1 .7 gfcc to about 2.5 g/cc, preferabV about 2.1 oycc^vc^me * ^ J^*^ 1° 

g/cc preferably about 0 90 g/cc; specific heat at 100 degrees C cf about O-**^* 3 ^ 

Saoout 65%to 75% of such material will pa- through a wet -325 US S^^™^ 

owning size is .0017 inch (.045 mm). Such preferred carbon is available as PWA activated carbon from Activated 

Carbon Division of Calgon C rporation. Pittsburgh. PA. 
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minutes, or until any and all agglomerates in the mixture are broken down, and the mixture becomes free flowing, 
thereby to make a free-flowing powder mixture 54. 

[01 57] The resulting free flowing powder mixture 64 is rolled into web form in a manner generally illustrated in FIGURE 
1 1 . Referring to FIGURE 11 . carbon powder mixture 64 ts placed in a hopper 66 and fed downwardly through the hopper 

s to a discharge opening such as slot 68. which feeds the powder mixture to a first nip formed by a pair of polished steel 
rolls 70 at suitable speed to position a sufficient amount of the carbon powder mixture above the nip formed between 
the rolls, with which to form a generally continuous web of such powder mixture. Rolls 70 are driven in cooperating 
directions illustrated by arrows 72. at constant common speeds, thus to draw the powder into the nip between the rolls. 
The spacing between rolls 70 is set at a fixed distance sufficient to draw the carbon powder mature into the nip and. 

io by the pressure exerted on the carbon powder mixture as the mixture passes through the nip. to fabricate the carbon 
powder mixture into a web 74, having a thickness of about 0.004 to about 0.010 inch, preferably about .004 inch to 
aboul .006 inch, and a with machine direction (MO) and a cross machine direction (CO). The constant speed of rolls 
70 produces a web 74 having a relatively uniform thickness along the length of the web. 

[01 58] While the web fabricated at rolls 70 can thus be consolidated from powder form to a single web body, the web 

is so fabricated is quite fragile. 

[0159] After the web is consolidated as illustrated in FIGURE 11 . the web may be wound up as a roll (not shown) or 
otherwise consolidated or packaged for storage anaVor shipment. In some embodiments, web 74 is cut cross-wise 
(along the CO direction) to thereby produce individual, e.g. generally rectangular sheets 80. illustrated in FIGURE 12. 
In such embodiments. 2 to about 6 such individual sheets 80 are stacked on top ol each other with the machine direction 

20 (MO) in sequential sheets in the stack being oriented transverse, preferably perpendicular, to each other. FIGURE 1 2A 
shows such a stack 82 of 4 sheets 80A, SOB. 80C, 800. Arrows 84 indicate the MD in each sheet, illustrating the sheets 
being oriented perpendicular to each other. A stack of 4 such sheets, each having a thickness of about 0.005 inch, has 
a combined thickness of nominally about .020 inch. 

[01601 With sheets 80 so stacked and arranged, the 4-«heet stack is passed through a second nip illustrated by rolls 
25 86. Rolls 86 are shown spaced apart for illustration purposes in FIGURE 1 2A The spacing at the nip between rolls 86 
is set and held at a uniform nip gap significantly smaller than the sum of the thicknesses of the sheets in the stack. 
[0161] The size of the spacing between rolls 86 at the gap should be less than 75% of the combined thicknesses ol 
the sheets making up the stack. Preferred size of the spacing is from about 20% up to about 60% of the combined free 
thicknesses of the sheets making up the stack, with a more preferred range of about 25% to about 40% of the combined 
30 thicknesses. 

[0162] During processrig of the stack 82 of sheets, rolls 86 preferably rotate at a generally constant speed in coop- 
erating directions illustrated by arrows 87. and thereby draw the stack into the nip. thus working the composite 4-sheet 
stack. As stack 82 passes through the nip. the sheets are. in combination, mechanically worked by rolls 86. with the 
result that the worked composite sheet stack 82W is significantly stronger than the unwonted sheets, whether taken 

35 alone or in combination. The composite sheet stack is preferably so worked in suitable n**, preferably from 2 to about 
6 times, or more, until the worked composite sheet stack is suitably toughened or otherwise strengthened that the 
resulting worked composite sheet stack 82W can be handled by commercial speed production equipment in fabricating 
elongate electrochemical cells of the invention having cathode assemblies having generally arcuate configurations 
generally corresponding with the outer arcuate sides of the respective cells. 

40 [01 63] The overal effect of the working of the stack of sheets is to reduce the thickness of the stack and to effectively 
cross-bond and thereby conaoildHte the sheets to each other, such that the directionality of the strength of web 74 (e. 
n the MO/CO ratio of tensile strength) is more evenly distributed in the MO and CD directions * the thus<on*olioatect 
unitary worked sheet 62W than nan unworked sheet of similar thickness. Namely, the ratio ol crossing tensile strengths 
is closer to V h the unitary worked sheet than in the unworked sheets, whether the unworked sheets are taken 

45 individually or n combination. In add-on, applicants contemplate that the work done in the first and second n.ps at 
rolls 70 and 86 further ffbriltates the binder, and interconnects the associated fibrils, «to a three^menstonal net-like 
arrangement of Mercomected binder fibrils, thus to assist the binder in its role of binding the carbon and Mn(ll) moteties 
into the result* worked sheets 82W. or otherwise containing or holding the carbon and Mn(ll) moieties in sheet fwm 
As a mechanical act me contemplated three-dimensional net-like binder arrangement is believed to receive and hold 

so the carbon partides In the sheet structure, primarily by mechanical entrapment 

[01641 PTFE as a binder, can also serve as a chemical bonding agent, bonding carbon particles together to form 
an adhesively-defined matnx Whd. adhesive properties of PTFE are generally activated ^^J^^'^^ 
plate that the work energy utilized si the working of the stack of carbon sheets as at the np formed by rote 70 nand 86 
mayb^ettectiveto^ 

55 the adhesive properties of the PTFE. Applicants thus contemplate that the binding pertc/mance of active 
carbon catalyst of the invention may be a combination of mechanical entrapment and such <*™^^^ 
r 0 165] The resulting worked sheet 82W is sufficiently strong, in all directions, to ^^^^^^^ 
SpS worked sheet ha. an overall thickness in the range of about .003 to about .010 inch, prefer** about .004 go 
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of the cathode current collector, and defines substantially the entirety of the inner surface f the combination of the 
current collector and the carbon material. 

[0176] The common and relatively constant speeds of rolls 92 provide a generally unif rm thickness *T2' to the 
resulting layer of carbon-based material which is applied to the outside surface 58 of cathode current collector 32. 
s [01 77] In the embodiment illustrated in FIGURE 1 4, the pressure on the carbon sheet workpiece and on the cathode 
current collector in stack 90 is applied by a pair of pneumatic cylinders (not shown) having working diameters (cylinder 
bore size) of 1 .06 inches. The pneumatic cylinders urge top roll 92A downwardly against the outer surface of current 
collector 32 as illustrated by arrows 95. and apply force through current collector 32 and mandrel 93 against bottom 
rolls 92B. 92C. 

to [0178] Aa illustrated m FIGURE 14, downward force on top roll 92A is transferred through current collector 32 to 
mandrel 93 at top roll 92A. and from mandrel 93 back through current collector 32 to rolls 92B. 92C at the interfaces 
of rolls 92B : 92C with current collector 32. Accordingly, when downward force is applied to roll 92A, with mandrel 93 
and current collector 32 in place as seen in FIGURE 14. the force passes through mandrel 93 and is applied to current 
collector 32. substantially simultaneously, at the 3 locations of linear contact namely the three nips, between current 

is collector 32 and respective rolls 92A. 92B. 92C. 

[01 79] The relationship of the mandrel in the stack is such that the mandrel is held in the stack generally by the forces 
applied by the stack of rolls. Namely, the mandrel generally floats, in surface-to-surface contact with rolls 92A. 92B. 
92C. within the opening defined between rolls 92A. 92B. 92C. both when rolls 92A. 92B, 92C are motionless, and when 
the rolls are turning in performance of the operations the rolls were designed to accomplish. 

20 [01 80] As work piece 88 is introduced into the nip. the force being applied by the top roll against the current collector 
is thus imposed on the work piece, and much of the respective force is accordingly transmitted through the work piece 
to the current collector. Ae the work piece is drawn into the stack o1 rolls, force ie first applied to the leading edge of 
the work piece by roll 92A. 

[01 81] As the work piece leading edge progresses past roll 92A, the movement of the leading edge out of the nip at 
23 roll 92A correspondingly releasee the nip force from the leading edge, and such force is correspondingly applied and 
released twice more as the leading edge respectively passes through the nips defined between rolls 92B and 92C and 
current collector 32. The remaining portions of the carbon sheet work piece are likewise subjected to three consecutive 
applications of lines of force at rolls 92A. 92B, 92C, with corresponding releases of the force between respective force 
applications as such portions paee into and through the respective working npe. Thus, when the fuO length of the work 
30 piece has been received into the stack of rolls, and the stack ie effecting rotation of the work piece in the stack, force 
is being simultaneously applied to the work piece at three spaced lines extending along the length of current collector 
32 and respectively along the width of work piece 88. It will be understood that force is being applied constantly and 
uniformly to the rolls, and that the application and release of force to current collector 32 and work piece 88 is a result 
of the current collector and work piece paeeing between a roll and the current collector (force applied) and out from 
55 between a roll and the current collector (force released), all while a preferably uniform force is being constantly applied 
to roll 92A. and thus at the three nips. 

[01 82] In the above process, some of the force at one or more of rolls 92A, 92B, 92C performs the above noted step 
of deforming the soft and pliable material of work piece 88, thereby to extrude the carbon material into perforations 56 
as illustrated. The extent of the extrusion or other deformation of the workpiece at any given locus about the circurn- 

40 ference of the outer surface of the current collector is a function of the nature and amount of forces applied at that 
locus by rolls 92A, 92B, 92C at their respective lines of contact with the work piece, in combination with the time over 
which the respective forces are applied as well as being a function of the nature of the surfaces of rolls 92A. 92B, 92C. 
Aa force is increased for a given time interval over which the force is applied, in general, the amount of material deformed 
through perforations 56 increases. 

46 rai 83] The length of work piece 88 is defined herein to be long enough to assuredly cover the entire circumference 
of current collector 32. As noted above, the forces applied on the work piece as the work piece is being assembled t 
the current colector cause the work piece to deform. Such deformation includes deformation of the length and wioth 
dimensions, as we* as the above described deformation of the thickness parameters. Accordingly, considering the 
plastic deformation of work piece 88. in order to ensure that the work piece fully covers the circumference of the current 

so collector, the length of the work piece ie specified such that the deformed length will be slightly longer than » expected 
to be needed to fully cover the circumference of the current collector. Thus, by the time the full length of the work piece 
has been received at roll 92A. and the work piece has been plastically detormed in length, width, and thckness by the 
forces applied by stack 90 of rolls, the trailing edge of the work piece slightly overlaps the leading edge of the work 
piece on the current collector. 

55 [0184] Ae the trailing edge of the work piece is pressed onto the current colector. and ^^l^^^' 
the forces of rolls 92A, 92B. 92C. physically and plasticaly deform the calcination of the Itad^ and ^9 
thus to create a smooth boundary between the leading and trailing edgee of the work piece in appiteatton ofthe ceitorv 
based material to the cathode current collector, to thus form, mount bind, secure, and otherwise jott the active carbon 
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192. One can also use an endless belt (not shown) presenting, under pressure, any desired curvature to cathode 
current collector 32. or to the carbon catalyst, at the respective nip. including a flat presentation e.g. an infinite radius 
(not shown), r an mvers concave curvature up to a curvature that more-or-less. or generally, follows the curvature 
of the cathode current collector as effected by mandrel 93. Thus, an arc radius ratio of at least about 4/1 includes flat 
presentations, and structures (e.g. inverted arcs) that tend to follow the outline of mandrel 93 and/or current collector 32. 
[01 95] For use of the embodiment of FIGURE 1 4A to apply the carbon to the cathode current collector the disclosed 
cylinders are preferably powered to about 40 psi to about 60 psi, more preferably about 50 psi. 

AIR DIFFUSION MEMBER 



[01 96] Air diffusion member 36 preferably performs a variety of functions in the cell, and provides a variety of prop- 
erties to the cell. First, diffusion member 36 provides a moisture banter, tending to prevent, discourage, retard, or 
otherwise attenuate, passage of moisture vapor into or out of the cell. 

[0197] Second, diffusion member 36 provides a liquid barrier, to prevent, retard, attenuate, or otherwise discourage 
75 leakage of liquidous electrolyte out of the cell. 

[0198] Third, in preferred embodiments, diffusion member 36 provides a folded-over seal layer at the top of the cetL 
Such seal layer, in combination with the separator, physical fy and electrically isolates the cathode current collector and 
the active carbon catalyst from grommet 18 and anode mfar 20. 

[0199] Fourth, diffusion member 36 can be used to control the rate of diffusion of air into and out of the cell to and 
20 from the reaction sites on the active carbon catalyst. As such, the diffusion member sets toe upper limit of the rate at 
which oxygen can reach the cathode reaction sites. To the extent the diffusion rate through the diffusion member is 
lower than the rate at which oxygen can be used at the reaction surface, namely the oxygen reaction rate, the diffusion 
member defines the upper limit of the cathode reaction rate at the reaction surface. By so controlling the cathode 
reaction rate, and assuming the anode reaction rate is not controlrig, diffusion member 36 provides a control to the 
2$ limiting current, namely thai maximum current flow which can be produced by the ceil when an external circuit which 
is powered by the cell operate* under high demand conditions. 

[0200] Fifth, diffusion member 36 distributes air laterally along its own length and width, especially the incoming air 
entering the cell. Such lateral distribution affects the degree to which oxygen is provided uniformly over the entirety of 
the area of the reaction surface of the cathode assembly, rather than having oxygen much more concentrated at those 

30 portions of the reaction surface which are directly opposite air pons 38 and correspondingly much less concentrated 
at those portions of the reaction surface which are between projections of the air ports onto the reaction surface. 
[0201] In view of the above multiple functions of diffusion member 36, the material from which the diffusion member 
is fabricated must have certain properties Such material musl be sufficiently porous as to provide an adequate conduit 
for flow of oxygen therethrough, both through the thckness of the material and internally along the lateral length and 

35 width of the material. Suitable such materials are certain ones of the mcrcporous polymeric films. 

[0202] The material should be generally a barrier to transmission of water, whether in liquid or vapor form. Specifically, 
the air diffusion member serves as a barrier to toss of the liquid aqueous potassium hydroxide or similar electrolyte 
from the cell, through the air cathode and preferably attenuates movement of water vapor into or out of the cell. Since 
the electrolyte is an aqueous composition the material from which the air diffusion member is fabricated must be 

40 generally hydrophobic. Certain ones of the mcroporous polymeric films are hyoVophobic. 

[0203] The material must be tolerant of, and generally inert to, the electrolyte, for example the alkaline electrolyte 
environment of aqueous potassium hydroxide-based electrolyte which a typical of metal-air electrochemical cells. 
[0204] The material must embody suitable internal structure, and suitable surface propertiee. to provide sealing prop- 
erties, for example, to provide, in combination with the separator, a pressure seal gasket-type affect at the top of the 

45 air cathode, thereby to provide a seal layer between the grommet and the cathode current collector. At the bottom of 
the cell, the material provides a seal between the bottom member of the cell and the combination of the cathode current 
collector and the active carbon catalyst 

[0206] The meeeneJ from which air diffusion member 36 is fabricated is preferably subject to manipulation such as 
during fabrication b order to limit namely to reduce to a desired amount, the rate at which oxygen and water vapor 

so penetrate through the diffusion member and reach the reaction surface of active carbon catalyst 34. Such capacity for 
manipulating the air diffusion rate enables the cell manufacturer to control the target air diffusion specifications of the 
cells being manufactured by making changes in the assembly process without necessarily changing the raw matenal 
from which the air diffusion member is fabricated. To the extent the diffusion rate of water vapor can be so manipulated 
reduced and controlled without Uniting oxygen diffusion so much that the cathode reaction rate is reduced, passage 

ss of water vapor into or out of the cell can be correspondingly reduced without affecting the limiting current of the cell. 
[0206] A preferred air diffusion member 36 for a 'AA* size eel has a thickness of about .0035 inch. A suitable range 
of thicknesses is about 0.002 inch to about 0.006 inch, with a preferred range of about .0025 inch to about .005 reh. 
and a most preferred range of about 0.003 inch t about 0.004 inch. Such air dif usion member 36 can be tabrcated 



19 



EP 0 940 866 A2 



structure of the PTFE which defines the microporous nature of the PTFE strp forms mechanical affixations with the 
active carbon catalyst, thus mechanically "bonding* the PTFE to active carbon catalyst 34. Applicants contemplate 
that at the same time, the stack pressure likely further deforms the carbon mat anal into and thr ugh perforations 56. 
[021 9] Aa the rotating current collector, catalyst, and PTFE strip complete a fun revolution in roH stack 90, the incoming 

5 PTFE begins to encounter, and to be fed over, the underlying first layer of the PTFE. The pressure being appfied by 
roll stack 90 urges the overlying incoming PTFE material int intimate contact with the underlying PTFE material such 
that the microporous structure of the two layers of PTFE which defines the microporous nature of the PTFE sup forms 
mechanical affixations between the two PTFE layers, thus tightly mechanically 'bonding' the overlying and underlying 
PTFE layers to each other Third and subsequent layers of PTFE, if applied, mechanically bond to the respective 

10 underlying layers in a similar manner. In preferred embodiments, the PTFE strp is wrapped about 3.25 times around 
the outer circumference of the current collector-catalyst combination. 

[0220] The result of wrapping the PTFE strip about the current collector-catalyst combination multiple limes without 
an intervening leading or trailing end edge of the strip, is the application of multiple layers of the PTFE without deploying 
multiple seams at layer joinders. Rather, the multiple layer diffusion member so fabricated is effectively, seamless in 
'5 that there is no intermediate seam, or series of seams defining the multiple layers, which seams could provide leakage 
paths for exodus of liquid electrolyte from ceil 10. By providing a full number of wraps plus a modest overlap of the 
starting point on the circumference of the assembly, a full complement of the desired thickness is provided over the 
entire circumference of the assembly so created. 

[0221 ] The terminal end edge of the strip ts subjected to the same pressures as the rest of the strip. Accordingly the 

20 same bonding principles bond the end edge of the strip to the underfying layer of PTFE, whereby the end edge of the 
strip is suitably bonded into the overall assembly. FIGURE 17 shows a representative cross-section of the cathode 
assembly assemblage at the instantly above-described stage of assembly, whereby about 3.25 circumferential wraps 
of the PTFE have been applied to the assemblage of the carbon on the cathode current collector. 
[0222] In preferred embodiments, as the PTFE strp is fed into the nip formed between roil 92A and the active carbon 

*s catalyst the strip is positioned such that a first side edge of the strip is aligned katerafiy with a first side edge of the 
current collector-catalyst combination, and the second edge of the strp extends, as an edge portion, outwardly of the 
opposing side edge of the current collector, which will be disposed toward the top of the celt by preferably about 0. 1 25 
inch. Thus, when the PTFE strip has been fulry assembled to the current coBector-catalyst combination, thereby to 
apply the strip to the current collector-catalyst combination and to fabricate the diffusion member, one side edge of the 

jo multiple layers of PTFE strip extends outwardly of the corresponcSng top edge of the current colector. 

[0223] As the PTFE strip is applied to and through the nip between roll 92A and carbon catalyst 34. pressure is 
applied by stack 90 directly to the PTFE strip, indirectly to workpiece 68. and indirectly to current collector 32. in the 
same manner as is used in assembling the active carbon catalyst to the current collector. Speed of rotation of the rolls 
is generally the same as described above for applying the active carbon catalyst material to the current collector. 

is Pressure applied to the PTFE web by stack 90 is in the range ot about 30 psi to about 100 psi, preferably about 35 ps» 
to about 70 psi, still more preferably about 35 psi to about 50 psi. 

[0224] Using the above deecrbed PTFE strip, and the above described pressure and speed on rolls 92A. 92B, 92C, 
the PTFE strip is compressed as it enters and traverses the stack, whereby the effective thickness of the sheet material 
is reduced as the strip is assembled with the current collector and the catalyst Increased compressing of the PTFE tn 
40 general reduces perme^^ 

[02251* startngwiS a PTFE strip thickness of 0.002 inch, the overall thickness of a three layer diffusion member 36. 
so fabricated, is preferably about 0.0035 inch. This and other thicknesses of PTFE strip can accordmgy be used, tn 
this and other numbers of layer* of PTFE strip material, for example, 4 layers. 5 layers, 6 layers. 7 layers, or more, to 

4$ fabricate any desired thickness andfor any desired diffusion rate for diffusion member 36. , _ 

T0226] After the PTFE strip Is thus assembled to the current collector catalyst combination, the pressure is released 
rem roll stack 90, and the current collector, carbon catalyst diffusion member assemblage is removed ^rom the stack 
5t] A separator 16 is then juxtaposed adjacent the inner surface of the cathode asaemblsg^eparator 16 can 
be juxtaposed adjacent the inner surface either before or after the cathode assemblage is assembled to a bottom 

so closure member such as to bottom closure member 202 or to cathode can 2* 

T022S1 The upstancfeg free edge region of the PTFE diffusion member ts then rolled or folded inward* abc^tthe 
^uirce^l! down of. S tcp of the separator, and downwan* onto ^ P^^^^ 
rftheseparator.Theck^warf^^ 

shield, inskA 174 (FIGURE 3B). agarot movement of electrolyte or electricity from anode rmx 20 throu* slot 174and 

ss to the cathode current collector or the cathode can, . flth(Vl(l 

0229] The rolUng of ft. PTFE up«and«g tree edge region can. In theory. ^^J^'^Z^r 
assembly is termed. The preferred sequencing i. to roll the PTFE free edge shortly after removrg the a«embled air 
cathode from the stack of rolls 90. 
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such materials providing sufficient strength and ductility can also be used as single layer materials in ptace ol the 
composite structure which comprehends CRS or other suitable materia) as a core layer. 

[0244] Steel strip plated with nickel and nickel alloy is generally used because of cost considerations, and because 
pre-plated. or clad, steel strip, which generally require no postulating processes, are commercially available. The 

5 metal in the can must be both ductile enough to withstand the drawing process, and strong and rigid enough, to tolerate 
and otherwise withstand the cell crimping and closure process as well as to provide primary overall structural strength 
to the cell during shipment of the cell to market, and during the contemplated use lite of the cell. 
[0245] Cathode cans, for example, can be made of cold-rolled steel plated with nickel. Cathode cans may also be 
formed from cold-rolled mild steel, with preferably at least the inside portions of the cans being subsequently post 

10 plated with nickel. Other examples of materials for cathode cans include nickel-clad stainless steel: nickel-plated stain- 
less steel; INCONEL (a non-magnetic alloy of nickel); pure nickel with minor alloying elements {e.g. NICKEL 200 and 
related family of NICKEL 200 alloys such as NICKEL 201 . etc.). all available from Huntington Alloys, a division of INCO. 
Huntington. West Virginia USA. Some noble metals may also find use as plating, cladding, or other coating for can 
metals, including covering steel strip plated with nickel, and mild steel strip subsequently plated with nickel after fab- 

is ricating the can. 

[0246] Where multiple layers are used, e.g. CRS coated on opposing sides with nickel, the invention contemplates 
additional e.g. fourth, fifth, etc. layers, either between the nickel and CRS. or with a nickel layer between the CRS and 
the additional layer(s). For example, gold, platinum, palladium, or other excellent electrical conductor can be deposited 
on some or all of the outer surface of the cathode can (outside the nickel layer) after the can is drawn, or drawn and 
20 ironed. As an alternative, such fourth etc. layer can be. for example, a bond-enhancing layer between the CRS and 
the nickel. 

[0247] Where the can is fabricated using a typical raw material structure of 

/NI/CRS/NI/ as the sheet structure, such sheet structure is preferably about .010 "men thick, with a thickness 
range of about .006 inch to about .020 inch, and a preferred range of about .008 inch to about .014 inch. In such 
2S embodiments, each of the nickel layers represents about 2% to about 10%. preferably about 3% to about 7%. more 
preferably about 4% to about 6%. most preferably about 5%. ol the overall thickness of the metal sheet in such 3-layer 
structure. 

[0246] Cathode can 28 deludes bottom wait 37. and side waH 39 extending upwardly from bottom waU 37. Given the 
above noted drawing, or drawing and ironing process used in making can 28, the thickness of bottom wall 37 is typically, 
*> but not necessarily, about 80% of the thickness of the raw sheet material from which the can was fabricated. Thus, 
where the raw sheet material from which the can was fabricated was .010 inch thick, the thickness of the bottom wall 
of a can made from such sheet material is typically about .008 inch. 

[024g] Similarly, the thickness of side wall 39 is about 50% of the thickness of the raw sheet material from which the 
can was fabricated Thus, where the raw sheet material from which the can was fabricated was .010 inch thick, the 
38 thickness of the side wall of a can made from such sheet material is typically about .005 inch. 

CATHODE CAN SIDE WALL 

[02501 After the basic shape and structure of the can are formed by drawing, or drawing and ironing, or other tabri- 
40 cation process, the finishing steps are performed on the side wall and the bottom wal. Accordingly air ports 38 are 
formed in side wall 39. For the illustrated size *AA" cefl. about 400 air ports 38 are preferably formed by e.g. laser 
piercing side wall 39 at evenly spaced locations, in a pattern generally evenly districting the air ports over that portion 
of side wall 39 which is disposed opposite the reaction surface of the cathode assembly in the finished cell 10. Where 
400 atr ports are used, each a* port is e.g. .015 nch nominal diameter, with a preferred range of about .010 inch to 

48 about .025 Inch. ^ 

[02511 Larger or smaller numbers of air ports can be used depending on the use which is expected to be made of 
the cell A lamer number of relatively smaller air ports is preferred where greater limiting current is desired and where 
moisture vapor movement Into or out of the cell « to be suppressed. Where the number of air ports is greater than 
400 the average size of the air ports is preferably reduced in order to avoid excessive evaporation of electrolyte out 

so of the cell, or ingress of moisture vapor m> the cell. In general, as the sizes of the air ports are reduce* Jhe ^cveraj 
coen area of all air ports 38. taken in combination, can be reduced without reduang the limiting current of the cel. but 
benefiaalry reducing the overall rate of evaporation of electrolyte vapor from the cell or ingress of moisture vapor into 

mm' Where the number of air ports is lees than 400. the average size ol the air ports » increased, in order to 
55 compensate tor the smaller number of air ports, and thus to provide sufficient oxygen atm.r^^sites cnthea, 
cathode to sustain the desired level of electrical power production. In general, as the sizes of me air ports are 
and the number of air ports is decreased, the overall open area of all the air port. 38. taken ^^' ^^ 
increased in order to maintain th linrUng current of the cell. However, the overall rate of evaporation of electrolyte 
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so 



55 



bottom wall 37, in producing the finished structure at the bottom of the cathode can. 

[0264] FIGURE 20 represents further working of the bottom wall of FIGURE 1 9 by a forming process illustrated in 
FIGURE 20 A. FIGURE 20 illustrates a central elevated ptatlorm 108, and downwardly depending inner wall 110 ex- 
tending from platf rm 108 to the lowest extremity 112 of the bottom wall. Inner wall 110 and the lower portion 1U of 

5 side wall 39. in combination, define a recessed annular slot 116 at the base of the can p re-form. 

[0265] Referring to FIGURE 20A, the can pre-form of FIGURE 19 is placed on a hollow cylindrical lower tool 113. 
Tool 11 3 is rigidly mounted to an underlying support (not shown). Bottom wall 37 of the pre-form is disposed upwardly. 
The open end of the pre-form is disposed in a downward direction. An upper tool 115 advances downwardly against 
bottom wall 37 as shown by arrow 117. As upper tool 115 advances down, tool 115 pushes bottom wall 37 into the 

to open central portion of lower tool 113. Correspondingly, side wall 39 is drawn upwardly toward the bottom wall as 
suggested by arrows 119. Tool 115 is advanced a predetermined distance, then stopped. Tool 115 generally does not 
abut tool 113, not even through bottom wall 37, but rather operates inside the walls of tool 113. 
[0266] The overall result of the advance of tool 115. against the fixed support of can 28 by too* 113, is inward defor- 
mation of bottom wall 37 to form platform 108 and sbt 116. Platform 108 and slot 116, and downward-most movement 

is of tool 1 1 5. are illustrated in dashed outline in FIGURE 20 A. 

[0267] After formation of slot 116, air cathode assembly 26 is inserted into the slot, as illustrated in dashed outline 
in FIGURE 20. When the air cathode assembly is disposed in slot 116, inner surface 60 of current collector 32. at 
imperforate bottom edge portion 44, is disposed against the nickel layer on the corresponding interior surtace 118 of 
wall 110. See also FIGURE 3A. 

20 [0268] The facing surfaces 60 and 118 form the contact surfaces whereby electrical ene«gy transported to and from 
the air cathode assembly is transferred to and from cathode can 28. In order to implement such energy transfer, the 
contact surfaces 60. 118 are brought into intimate electrical contact with each other in such manner as to maintain 
such intimate contact throughout the life of the celt Such intimate contact is generally developed by urging surfaces 
60. 118 toward each other, either directly or indirectly. 

2S [0269] Referriig to FIGURE 21 , a forming tool (not shown) is inserted into the opening 1 20 above extremity 11 2 and 
below platform 108. The forming tool is turned about the circumference of inner wall 110, at the top of the inner wall 
and preferably against a supporting tool on the outer surface of tower portion 114 of side wall 39. thus to urge interior 
surface 118 of inner waM 1 10 against surface 60 of the current collector. As interior surface 118 is urged against surface 
60, a bottom seal groove 1 22 is formed in inner wail 110. The recited forming ol bottom seal groove 1 22 urges surface 

30 118 of wall 110 into forced contact with inner surface 60 of current collector 32 thus to make the desired intimate 
physical and electrical contact. 

[0270] In the alternative, instead of the forming tool being turned about the circumference of the can, groove 122 
can be made by holdrg the forming tool stationary and turning the circumference of inner wall 110 about the forming 
tod. 

3S [0271] In addition to established electrical contact with the current coiector. the forcing of inner wail 110 against the 
air cathode, thus crimping nner wail 110 against the air cathode assembly, also traps or otherwise fixes the air cathode 
assembly in its specified especially longitudinal assembled position in the cell as weft as generally defining its position 
with respect to the remaining elements of the ceil. In addition, the crimping of inner wall 110 against the air cathode 
assembly also urges the air cathode assembly against the lower portion 114 of side wall 39. thus ctosng off any free 

40 path of travel for escape of electrolyte from the cefi through slot 116. It may be noted by comparing FIGURES 20 and 
21 that inner wall 110 of FIGURE 21 has a tower height than the corresponding wall 110 of FIGURE 20. The height of 
such wall 110 is thus adjusted depending on the ultimate configuration anticipated for the bottom structure of the 

555* FIGURE 22 illustrates a bottom structure much tike the structure of FIGURE 21 . but with a higher height for 
45 inner watt 110 between the lowest extremity 112 and platform 108. and wherein bottom seal groove 122 is ntemedrte 
the upper and tower ends of wail 110. The advantage ol the embodiment of FIGURE 22 is that a wider vanjty of fonming 
tools can be used to fabricate bottom seal groove 122. The respective advantage ol the embodiment of FIGURE 21 
is that the hetgjrt of Uner wallHO, and thus ol opening 120. is smaller than in FIGURE 22. whereby the length of anode 
cavity 137 and the respective contained volume inside the completed cell 10, are correspondingly increased. The 
increased contained volume can be filled with additional anode mix 20 thus providing a potentially longer cycle life in 

the cell of FIGURE 21 compared to the ceH of FIGURE 22. 

m FIGURE 23 shows another embodiment derived from the embodiment of FIGURE 22 \r » FIGURE 23j*nd 
after fabrication of bottom seal groove 122. platform 108 of FIGURE 22 has been 

surface 124 of platform 108 is at the same height as bottom surface 126 of extremrtylli The resutt « a contained 
volume, inside the completed cell, even greater than the contained volume of **«*?^^ flon9 
(02741 Refermg back to FIGURE 1 9. FIGURE 24 represents an embodiment wherein no further fabrication is done 
M bo£!£^ « poor to inserting the air cathode assembly into the can. Rather, the air camode assembly ,s 
^^^3 can sh wn in FIGURE 19. Next a conductive inner plug 128, for example in the shape of a disc. * 
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THE SEPARATOR 

[0285] Separat r 16 is positioned generally between air cathode assembly 26 and anode mix 20. Separator 16. in 
combination with bottom waJI 98 of the cathode can and grommet 1 8 : thus defines anode cavrty 1 37 (FIGURE 32). The 
5 overall function of the separator is to maintain physical and electrical separation between anode mbc 20, in the anode 
cavity, and the air cathode assembly. While maintaining the recited physical and electrical separation, separator 16 is 
required to enable facile passage of electrolyte, especially hydroxy! ions, therethrough, between the anode cavity and 
the air cathode assembly 

[0286] Suitable materials for making separator 16 are. for example, a tightly woven nylon web. a mcroporous poly- 

to propylene web. a non woven polyp ropy ten e web or a cellutosic web. The separator can be coated with a suitable ion 
exchange resin. An exemplary material is Acropor. NFWA from Gelman Sciences, a resin<oated woven nylon cloth. 
In addition, any separator material known to be suitable for use in an alkaline Zn/MnO z cell can be used m cells of the 
invention, so long as the resulting separator has suitable porosity to pass electrolyte and hydroxy! ions while being 
generally impervious to passage of anode material and electric current. In general, preferred separator webs are coated 

is on at least one surface with at least one of a number of well-known ion exchange resins. 

[0287] The parent web from which the separator is ultimately fabricated is generally about .001 inch to about .005 
inch thick, with preferred thickness of about .002 inch or about .003 inch. Such thicknesses and materials are well 
known in the art. Any separator material, of any thickness, generally known for use in alkaline electrochemical cells, 
can be used in cells of the invention. 

20 [0286] individual separators 1 6 are fabricated by cutting appropriate sized, e.g. rectangular, work pieces from a larger 
parent web. Such work pieces are sized such that a length or height dimension of the separator can extend from the 
bottom of the cathode can, above slot 1 16. (FIGURE 3A) to generally the top ol the cathode current collector (FIGURE 
3B). Width of the separator work piece is sufficiently great to extend about .1 .25 to about 1 .5 times around the circum- 
ference of the inside surface of the air cathode assembly. 

2S [0286] During ceil assembly, separator 16 is positioned against the air cathode assembly, preferably in surface-to- 
surface relationship with the air cathode assembly over the entirety of that portion ol the inner surface of the air cathode 
assembly which extends above slot 116. 

[0290] In generally preferred embodiments, the separator is not aanered or otherwise bonded to the air cathode 
assembly. Experiments have shown that cells fabricated with the separator unbonded to the air cathode assembly 
30 produce greater closed circuit voltage than cells fabricated with the separator bonded to the air cathode assembly by 
e.g. an adhesive which is a combination of carboxymethyl cellulose and polyvinyl acetate, or the like. Thus, the inventors 
contemplate that normaOy-uaed adhesive may interfere with movement of the reacting lone in the cell especially at 
high rate demand levels. 

[0291] Accordingly, in assembfing a separator work piece into a cell, the separator work piece is generally formed 
ss into a cylindrical shape, with side edges overlapped. The cylindricaBy-ehaped work piece is inserted into the cavity 
defined inside air cathode assembly 26. and optionally inside the cathode can, preferably without placing any aohesive 
on the separator for bonding the separator to the cathode assembly. The separator work piece is then released inside 
the air cathode assembly. The natural resilience of the separator work piece material causes the work piece to expand 
outwardly against the inner surface of the current collector. The natural resilience of the separator work piece then 
40 holds the separator work piece In place while additional elements of the eel are installed and secured in the cell 
[0292] On the other hand, if a gas bubble should occur at separator 1 6, such as between separator 1 6 and air cathode 
assembly 26, the cell output rate is reduced at high rate demands, and the overall cell output at high rate is reduced. 
Accordingly, in some embodiments where high rate demand is not a controHing issue, the separator can be adhered 
to the cathode current collector. 

46 

THE BOTTOM ISOLATION CUP 

[0293] As illustrated in FIGURE 3A, a bottom seal member such as bottom isolation cup 142 can be disposed on 
the bottom of the anode cavity, in surface-to-surface relationship with the bottom wall of cathode can 28. between the 
so pesitivety-charged bottom wall and the negatively -charged anode material. Cup 1 42 has a bottom wail 1 44 disposed 
aganst central platform 108 of bottom wall 37 of the can. and a side wall 146 extending upwardly from bottom wafl 
1 44 and engaging against the inner surface of separata 16. 

[0294] Side wall 146 of isolation cup 142 is formed while being inserted into the anode cavity by pushing an appro- 
priately-sized circle of material through a forming tube (not shown) using a punch (not shown) which closely approaches 
55 the outline of the inner surface of the forming tube and the separator in the ceH. The isolation cup is thus formed as 
part of the process of the circle of resiliently deformable material being pushed directly into the anode cavity of the cell, 
inside separator 16. Side wall 146 is thus formed and thereby engaged against separator 16. by the process of forming 
and placing isolation cup 1 42. In addition, the f rming and placing of isolation cup 1 42 by the punch and forming tube 
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melted material, if desired. 

[0007] In general one or the other of the bottom isolation cup (FIGURE 2) or the bottom seal (FIGURES 21-23. 27. 
29*30) are used as the bottom seal member in a given cell. Some embodiments use both the isolation cup and the 
bottom seal (FIGURE 3A). When plug 1 26 is used, the plug takes on the electrical progenies of the bottom wall, whereby 
5 isolation cup 142, or seal 140. or both, are disposed between the anode material and the plug. Thus, in these embod- 
iments, the plug functions as a portion of bottom wall 37. 

[0308] FIGURE 29 shows an embodiment wherein isolation cup 1 42 is not used. FIGURE 3A illustrates the relation* 
ship of the seal to the isolation cup where the cup is used. As seen in FIGURE 3A. the isolation cup is disposed between 
bottom wall 37 and bottom seal 140, and covers the entire circumference of the top of joint 148. Thus, bottom seal 140 

10 provides an additional barrier, e.g. at joint 148. to electrolyte traveling along the inner surface of the separator, down- 
wardly around bottom edge 59 of the current collector, and the bottom edge of the diffusion member, and thence out 
of the cell at an air port 38. A first barrier is the above recited crimp of the can as at seal groove 1 30 or 1 30W at Mange 
138 against inner wall 110 through current collector 32 and air diffusion member 36. A second barrier is joint 148 
between the separator and side wall 146 or isolation cup 142. The bottom seat 140 is thus a third barrier to electrolyte 

is leakage at the bottom of the cell. 

[0309] Bottom seal 1 40 can be made from any polymeric material having suitable dielectric properties, having suitable 
chemical tolerance for the alkaline environment inside the cell, and having a melting temperature to accommodate 
placement and melting of the seal material in the cell without deleterious distortion of any of the other materials in the 
cathode can at the time the seal material is introduced into the can and distributed by heating. 

20 [0310] As used herein, 'melting temperature* refers to that minimum temperature where, the polymer as a whole is 
subject to fluid flow. Such definition allows for unmeited included particles so long as the melt phase is the continuous 
phase. 

[0311] White no minimum melting temperature is contemplated, materials found to have the properties described 
above generally have melting temperatures of at least about 360 degrees F.. for example linear low density potyethyl- 
ss one. 

[0312] At the upper end of the range, melting temperatures are acceptable in some embodiments up to about 650 
degrees F. Above the recited upper end of 650 degrees F , the heat required to melt the respective seal material causes 
deleterious affect on at least one other element present in the cathode can when the seal material is melted in the can. 
[031 3] Thus, a wide variety of thermoplastic materials such as poiyolefin and olefin copolymer compositions can be 
30 used for bottom seal 1 40. There can be mentioned as specific examples of such materials, without limitation, the low 
density polyethylene*, the ethylene vinyl acetates, the linear low density polyethylene*, mixture* and copolymers of 
the above materials, and the like. 



THE ANODE 

05 

[0314] Anode 12 includes elect reactive anode mix 20. and anode current collector 22 centrally disposed and in 
intimate physical and electrical contact with the anode mot Anode current collector 22 is held in position in the cell, 
and is electrically isolated from the cathode, by grommet 18. 

[0315] The primary function of the anode is to react zinc metal with hydroxy! ions to thereby produce electrons ac- 
40 cording to the anode half reaction, the reaction correspondingly producing zinc oxide. The locus of such anode reaction 

is initially located adjacent tha air cathode assembly in a fresh unused cell and, as the ceB is used, the locus of reaction 

moves, generally as a reaction front, from the region of the cathode assembry toward the anode current collector. 

[031 6] FIGURE 31 A illustrates a cell of the invention after significant discharge, and thus illustrates the general nature 

of the movement of reaction front 1 56. As seen in FIGURE 31 A, the relatively less-densely stippled anode mix material 
45 1 58 generally emanatbg inwardly from air cathode assembly 26, is reacted zinc oxide. The relatively more-denseiy 

stippled anode met material 160. generally disposed about the lower portion of the anode current cotlectoi is unreacted 

zinc. 



so 



THE ANODE MX 

[0317] in general, anode mbr 20 can be any anode mix that is known for use in a zinc electrochemical cell operating 
an aqueous alkaline environment, and especially any anode mix used in an alkaline cell, inctudxig an alkaline a.r 

1S!^toW*rt. such anode mix includes about 25% by weight to about 46% by weight potassium hydroxide, about 
55% by weight to about 75% by weight particulate zinc, and suitable additives. Exemplary metal additive* include 
bismuth, indium, cadmium, lead, and/or aluminum, as well as others known in the art. In a preferred embedment the 
additive package includes lead, indium, and aluminum. The indium is prelerabV Present as indium compound in suf- 
ficient fraction to enable increased rate of electrochemical output f at least the anode portion of the electrochemical 



29 



EP 0 940 866 A2 



[0332] In the above illustrated method of making anode material 26. the indium compound is added to the mixture 
after the organic surfactant is mixed with the particulate zinc. 

[0333] An indium compound preferred lor use herein is indium hydroxide. Methods of making suitable indium hy- 
droxide are disclosed in United States Patent 5.168.018 Yoshizawa. and thus are well known. 

s [0334] When indium hydroxide powder is mixed with the paniculate zinc, the indium hydroxide powder may coat the 
zinc panicles. When the potassium hydroxide is added to the paniculate zinc, pan of the indium hydroxide may be 
electrodeposited onto the surfaces of the zinc panicles through the principle of substitution plating, thereby raising the 
hydrogen overvcttage on the respective surfaces of the zinc panicles. Any remaining ponton of the indium hydroxide 
which is not so electrodeposited is believed to be retained in solid form in the alkaline electrolyte. 

to [0336] This 'remaining portion* of indium hydroxide, if any. may be electrooeposited onto fresh surface of zinc ex- 
posed when the zinc is subjected to discharging, whereby the "remaining portion' of the indium can deposit on newly 
formed surface area of the zinc panicles to thereby protect such newly formed surface areas from unwanted side 
reactions. 

[0336] The smaller the particle size of the indium compound, the better the dispersion in the alkaline electrolyte, so 
is that the indium compound can be effective uniformly throughout the anode mx If the indium compound panide is too 
small, however, it may be immediately dissolved in the alkaline potassium hydroxide whereby the amount of the indium 
compound available to be used after partial discharge of the cell may be insufficient. 

[0337] The potassium hydroxide need not have any additives, although use of the ZnO as indicated above ts pre- 
ferred. The optional use of ZnO discussed above is well known, so is not discussed further here. 

20 [0330] The amount of potassium hydroxide can vary from a low of about 25% by weight of anode mix 20 to a high 
of about 45%. The balance of the anode mix is made up primarily of the paniculate zinc, making allowance for the 
noted preferred additives. Preferred concentration for the potassium hydroxide is about 27% to about 40% by weight, 
with a most preferred concentration of about 30% to about 37% by weight of the anode mix. 
[0339] The particulate zinc can generally be made from any battery grade zinc composition. Preferred particle size 

25 is about 100 to about 500 microns average, with at least about 90 weight percent of the zinc being within the stated 
range. 

[0340] In a first series of embodiments of the anode material wherein dry zinc composition is placed in the anode 
cavity followed by addition of electrolyte, the zinc preferably includes a small amount of lead as an alloying agent such 
as about 200 parts per million (ppm) by weight to about 1000 ppm by weight based on the weight of the particulate 
30 zinc. Preferred amount of lead is about 500 ppm by weight or less. For use in the dry zinc addition method indium 
preferably comprises no more than 5 ppm by weight of the particulate zinc alloy 

[0341] In the illustrated embodiments, the composition of the anode mix may include mercury aa a functioning com- 
ponent therein. The amount of mercury can. however, be reduced as compared to conventional alkaline electrochemical 
cells. While an overall range of 0.0% by weight to about 12% mercury by weight is contemplated, preferred range for 

35 the mercury is up to about 3% by weight A more preferred range is about 1% by weight to about 3% by weight mercury 
Where suitable hydrogen overvoltage can otherwise be obtained, the preferred anode composition is free from effective 
amounts of mercury. However, where mercury is used, preferred particulate zinc is amalgamated such that the surface 
of the zinc bears an equivalent proportion of the mercury content to that ol the bulk of the zinc. 
[0342] WhHe the precise mechanism is not fully understood, and whfle applicants choose to not be bound by technical 

40 theory here, applicants believe that mercury, where used, and in the presence of the indium and the organic surfactant, 
facilitates an increased electrochemical reaction rate capacity in the anode, thus releasing electrons from the zinc at 
an increased electrochemical reaction rate, enabling a faster discharge of the cell under high rate conditions. 
[0343] The method of associating mercury with the zinc is not critical. Thus, mercury can be associated with the zinc 
as by physically mixing mercury with the zinc particles, by alloying mercury with zinc, by solution displacement reaction. 

45 and the like. 

[0344] In the recently above noted embodiments, the particulate zinc alloy is preferably free from functionally de- 
tectable amounts of Indium To the extent the particulate zinc may comprise indium as an aHoy component therein, the 
amount of ndium alloyed with the zinc is generally less than 100 ppm by weight based on the weight of the zinc. 
[0346] It is believed that indium compound in the anode composition, separate from any indium alloyed in the zinc. 

so provides a trigger mechanism enabling the desired high reaction rate in the anode mbc Conventional cells, on the other 
hand, exhibit steacSy declining voltage under high drain rates, which suggests that the reaction rate of the electro- 
chemical reactions in such cells is insufficient to maintain a constant voltage at high drain rates. 
[0346] While the preferred embodiments have been described with respect to using indium hydroxide as the indium 
compound, indium chloride and indium sulfate are also contemplated to work as welt and so axe within the scope of 

ss the invention. Applicants further contemplate that txiium bromide, indium oxide, and indium suftde. as well as other 
indium compounds, may work in place of the disclosed indium hydroxide. 

[0347] Additional metal compounds contemplated to work, in addition to or in place of the indium compound are 
compounds of cadmium gallium, thallium, germanium, tin. and lead. Respectively, such compounds as CdO. GajO* 
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and generally unreactive current collector 22. 

[0361] The outer surface of shank 150 is finished to a desired uniform surface smoothness, and is preferably free 
ot deviations from the general surface finish. Such deviations might be, (or example, burn, nicks, and scratches, which 
would add surface area and thus promote an unnecessary amount of gassing, especially where the surface ol shank 
5 1 50 may be plated with a gas suppressing plating material. Non-symmetrical current collectors can be used, provided 
accommodating modifications are made in cooperating ones ot the other elements, for example grommat 18. with 
which the current collector interfaces and cooperates. 

[0362] The anode current collector should efficiently collect current, and should conduct the current so collected to 
the anode terminal with minimal loss to internal resistance. Thus, in addition to the physical characteristics of the outer 
io surface providing an efficient collector of electrical energy, the outer surface of the composition of current collector 22 
should be a good conductor ol electricity. 

[0363] In general, known and commonly used current collectors incorporate large fractions of copper in their com- 
positions because copper is a cost effective, good collector and good conductor, having low internal resistance. The 
particular composition selected for the anode current collector depends on the use anticipated for the celt, the envt- 
ts ronment in which the cell wilt be used, and the known efficiency of the materials under consideration, for collecting and 
conducting electricity under the anticipated use ; and use environment, conditions. For primary cells, discharge capacity 
for a single discharge is a prominent consideration. Oxidation ot the anode current collector, on the other hand, is of 
little concern so long as no oxidation occu rs that would impede operation of the cell until after the cell is fully discharged. 
[0364] Pure copper is generally not satisfactory for use as current collector 1 8, even under primary cad conditions. 
20 Accordingly, the copper is mixed or alloyed with additives, andtor the current collector is plated with, for example, tin, 
gold, or other oxidation suppressing plating material in order to obtain the desired collection and conduction properties 
in the current collector, without incurring unacceptable levels of oxidation of the current collector. 
[0365] As suggested by the above noted plating, properties of collecting and conducting current are substantially 
controlled by the composition of the material at the outer surface of current collector 22. Accordingly, the current collecto- 
rs can comprise a substrate made of any of a variety of materials selected for other than current collecting or current 
conducting properties. Such substrate has the general size and shape desired for the finished current collector. The 
substrate material can be selected based on. for example, weight cost, strength, or the like. The substrate ia coated, 
such as by plating, cladding, or the like with an outer layer having desired properties associated with collecting and 
conducting electrical energy. The material used as the coating can also be used as the substrate, as in FIGURE 2. 
30 whereby the coating per se is obviated. 

[0366] It is known to use, for example, a number of brass compositions in making current collectors, such as 50% 
by weight to 80% by weight copper, and respectively 20% by weight to 50% by weight zinc. Specific examples are 70% 
by weight copper and 30% by weight zinc, 65% by weight copper and 35% by weight zinc, 60% by weight copper and 
40% by weight zinc and 50% by weight copper and 50% by weight zinc. Such materials can be used as the entire 
as mass ot the current collector or as a coating on an underlying substrate. Multiple effective coating layers can be used 
on a substrate so long as the electrically effective outer layer exhibits the desired collection and conduction properties. 
[0367] The above-noted brass compositions are sufficiently effective at suppressing oxidation as to be acceptable 
for use in primary ceOs which employ a single discharge cycle before the cell is disposed of. In general, the higher the 
copper fraction, the lower the internal resistance in the current collector. Similarly, the tower the copper fraction, the 
40 higher the internal resistance. It ia known to use an anode current collector composition having copper modified with 
up to about 11% by weight siicon, and generally comprising up to about 0.5% manganese, and the balance copper. 
A most preferred anode current collector is a brass substrate having about 60% by weight copper and about 40% by 
weight zinc, and plated with tin over the brass. 

[0366] In general the anode current collector is assembled to gramme! 1 8 by pushing shank 1 50 through aperture 
45 1 54 in the grommat The combination grommet-current collector is then emplaced in the can, with concurrent driving 
of shank 150 ol current collector 22 into zinc anode mix 20. This brings the shank into intimate electrical contact with 
the zinc anodamtL 



THE GROMMET 

so 

[03691 Refarmg to RQURES 38 and 18. in the ernbodknents ilh*trated, grommet 18 has a first major dtameter 1 82. 
generally corresponding wriMhe general inner diameter ot the cathode can, an Wefineo^ diameter 164. 
diameter 166. Ledge 106 defines a step diameter change between major diameter 162 and intermediate d ^"^ 6 *; 
Ledge 168 defines an arcuate diameter change between intermediate diameter 164 and mmor 166. cemrai 

ss aperture 1 54 extends through the grommet, trom top to bottom, and is operative to receive shank 150 *«^«"™ 
collector 22 while excluding head 1 52. thus to present head 1 52 lor electrical contact with either an outside arcuit or 
anode cap 24 (FIGURE 2). _ . «„ ^ ^ 

[0370J The functions of grommet 1 8 are generaBy as follows. Rrst the grommet providee ceO closure allhetocaf 
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ance terminals are preferably structured to interface with head 152 on the anode current collector, and either platform 
108 or flange 1 38 of the cathode can. obviating anode and cathode caps 24, 30. As a further option, platform 108 and 
head 152 can be so configured as to be disposed in the physical location and physical arrangement usually extant n 
conventional cells f the standard size of interest. 

s [0364] Anode cap 24 and cathode cap 30 can be fabricated from any conductive material which can readiry make 
good electrical contacts, and which will tolerate the physical stresses which are typically placed on such caps durrig 
routine use ol the celt. A variety of such materials can be used for caps 24, 30. One can use, for example, a wide 
variety of materials such as those recited for use in fabricating the cathode can. Among the materials which can be 
used for either or both of the anode cap and the cathode cap are, for example and without limitation, cold rolled steel, 

io optionally coated on one or both sides with nickel: and stainless steel such as 305 stainless steel, optional fy coated 
on one or both sides with nickel. Other materials known in the battery art for use as electrode caps in alkaline round 
cells are equally useful in cells of the invention. 

CORNER STRUCTURE DETAIL 

IS 

[0385] FIGURES 3 A and 38, taken at dashed circles 3A and 3B respectively in FIGURE 2. represent enlargements 
of the top and bottom respectively of the interior structure of the cell at and adjacent the top and bottom ot the air 
cathode. FIGURES 3A and 3B illustrate especially the seals, about the air cathode assembly at the top and bottom of 
cell 10, against electrolyte leakage, and in promotion of electrical isolation of the anode and cathode from each other. 
20 [0366] Referring to, for example, FIGURE 7, any electrolyte traversing through the air cathode assembly must pass 
through the PTFE air diffusion member. However, the PTFE is hydrophobic, whereby the aqueous electrolyte generally 
does not traverse through the PTFE. Accordingly, the PTFE air diffusion member is effective in normal use to prevent 
aqueous electrolyte from passing through the PTFE and thence out of the cell. 

[0387] The cell is especially vulnerable to leakage of electrolyte, however, at any location where the electrolyte can 
zs by-pass the PTFE. and traverse a path that does not require that the electrolyte traverse through the PTFE or along 
a surface of the PTFE. Such paths potentially exist at the top and the bottom of the cell adjacent the separator and the 
air cathode assembly. And while such paths devoid of such PTFE can be effectively sealed against electrolyte leakage, 
such seal paths are more difficult to seal than corresponding paths employing such PTFE. 

30 CORNER STRUCTURE AT THE BOTTOM OF THE CELL 

[0388] Referring to FIGURE 3A, inner wall 1 1 0 of bottom wall 37, and lower portion 114 of side wall 39 form the inner 
and outer walls of flange 138 at the bottom of the cell, thus at slot 116 on the interior of the cell. As discussed with 
respect to the bottom structure overall, cathode current collector 32 and air diffusion member 36 extend downwardfy 
J5 into slot 116. 

[0388] As illustrated in FIGURES 21 -24, the invention contemplates various implementations of crimping the flange 
in order to collapse slot 116 at various bottom seal grooves such as 122, 130, and the like, thereby to bring inner wall 
1 1 0 and lower portion 1 1 4 of side wall 39 together in intimate relat ionships with the current collector and the air diffusion 
member, and into close proximate relationship with each other. 

40 [0390] FIGURE 3A iDustrates that carbon catalyst 34 need not. and preferably does not extend into slot 116. but is 
confined between air diffusion member 36 and current collector 32 above slot 116. Simttarty, the bottom edge of sep- 
arator 16 extends generally to. but not into, slot 116. Thus, ii preferred embodiments, the material extending into slot 
1 1 6 is limited to the cathode current collector and the air diffusion member. As illustrated in FIGURE 3A. the air diffusion 
member is rather compressible, and is accordingly highly compressed in the area of crimped bottom seal groove 1 30 vy 

46 and by its typical resilience, entirely fills any residual width of the slot with its hydrophobic composition. 

[0391] Referring to the bottom of the cell and FIGURE 3A. liquid may potentially traverse a path downwardly to the 
bottom of slot 116. about the bottom edges of the cathode current collector and the air diffusion member, and upwardly 
along the outer surface ol the dWusion member to an air port, thence to exit the cel. Points along such path are where 
separator 16 meets isolation cup 142 and where the bottom of separator 1 6 meets air cathode assembly 26. as well 

so as the first choke region adjacent inner wall 110 at the wide bottom seal groove in slot 1 1 6 and the second choke region 
adjacent lower portion 114 of side wall 39 at wide bottom seal groove 130W. 

[0392] Such path generally begins where separator 16 meets bottom seal 140, and passes between separator 16 
and bottom seal 140; and/or the path traverses between separator 16 and isolation cup 142 along joint 148. thence 
downwardly past the bottom of separator 16, thence continuing downwardly between wall 110 and cathode current 
56 collector 32. through the first choke region at the wide bottom seal groove in slot 116. The path then traverses past 
the bottom end of the cathode current collector and around the end of the current collector and air diffusion member 
36. to the outer surface of the air diffusion member. Once on the outer surface of the air diffusion member, the path 
traverses upwardly through the second choke region, namely past seal groove 130W between air drlusion member 
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36 t the top of the slot. 

[0406] Any liquid which manages to get past the compressed hydrophobic diffusion member and thus through slot 
174 and to ledge 163, depending on the path of interest, next encounters either the pressure between compressed 
wide sealing groove 176 and the compressed air diffusion member on the downwardly directed path, or encounters 
5 the pressure between the grommet and side wall 39 of the cathode can. Referring t the downwardly directed path, 
the pressure between wide sealing groove 176 and the hydrophobic air diffusion member constitutes a significant 
obstacle to traverse of aqueous electrolyte. In addition, in order to completely traverse wide seating groove 176. the 
electrolyte must pass around or through seal ring 76 before advancing to an air port. 

[0407] Referring to the upwardly directed path, upward of ledge 168, a grommet lock groove 178 in side wall 39 
10 (FIGURE 2) preferably extends about the circumference of the cell between wide sealing groove 176 and the top of 

grommet 18. Grommet lock groove 178 is formed in can side wall 39 after the grommet has been installed in the can. 

and thus crimps the side wall of the cathode can against grommet 18 with sufficient pressure (i) to hold, or at least 

assist in holding, the grommet in the can and (it) to block flow of electrolyte between grommet 18 and side wall 39 

upwardly toward the top of the cell. Grommet lock groove 1 78 exerts sufficient ongoing active pressure against grommet 
is is to substantially impede flow of liquid e.g. electrolyte upwardly past grommet lock groove 178. The crimping of 

grommet lock groove 178 is practiced specifically for, among other functions, creating such an obstacle to flow of liquid 

electrolyte. 

[0408) For effective leakage prevention, wide sealing groove 1 76 substantially closes slot 1 74 except for the width 
required by the combination of the cathode current collector, and the two layers of the nighty compressed air diffusion 
20 member The deformation properties of the e.g. cold rolled steel core layer of side wall 39 of the cathode can are such 
as to maintain the deformation of groove 176 as imposed at the crimping step, thereby to maintain slot 174 dosed to 
traverse of liquid electrolyte after the crimping force of the respective tooling is released. 

[0409] Wide sealing groove 176. as' illustrated in FIGURES 2 and 38 is fabricated by placing a grooving tool in the 
existing grommet stop groove 102 (See also FIGURE 30) and working the tool about the circumference of the can ae 

£5 well as downwardly, thus using the tool to widen the existing groove downwardly such that the groove extends contin- 
uously downwardly from the stop groove, and continuously about the circumference of the can. Thus, the height of the 
comparatively wider sealing groove 176 incorporates, and expands on, the original rather narrower stop groove 102. 
[0410] In another embodiment, illustrated in FIGURE 30, a separate top seating groove 1 80 is fabricated in side waB 
39 below grommet stop groove 1 02 and above the bottom of slot 1 74. Such top seating groove 1 80 performs generally 

30 the same function as wide sealing groove 1 76. but over a lesser height of the cel. and separate from stop groove 1 02. 
[0411] In yet another embodiment, not shown, of comer structure at the top of the cell, namely adjacent the top ol 
anode cavity 1 37, but referring tor guidance to FIGURE 36\ diffusion member 36 extends upward* into slot 174 and 
terminates at a top edge adjacent the corresponding top edge of cathode current collector 32. Namely, in this embod- 
iment, diffusion member 36 is not turned inwardly and downwardly inside the cathode current collector between the 

35 cathode current collector and grommet 1 8. Rather, cathode current collector 32 is in direct surface-to-surface relation- 
ship with grommet 18. 

[041 2] While the separator is generally wettable by aqueous liquids, the pressure at e.g. wide sealhg groove 1 76 is 
effective to at least partially suppress migration of aqueous liquid upwardly into slot 174 in those embodiments where 
separator extends upwardly into slot 174. Thus, while the separator is generally hydrophilic, under the pressure of 
40 sealfrig groove 174 : the separator loses at least part of its hydrophilic characteristic properties, and serves as the first 
tine of defense against leakage of liquid electrolyte out of the cell. Any liquid electrolyte which does manage to get past 
the separator in the slot still must traverse the choke points and other obstacles in one of the upwardly and downwardly 
directed paths described earlier herein, in order to effectively leak out of the cell. 



45 SEALING TAPE 

[041 3] As with other air depolarized electrochemical celts, a seal tape, suggested in dashed outline at 1 82 in F IGURE 
1 , is nstafled on the outside surface of the cathode can. covering the air ports, in the cylindrical embedments of cells 
of the invention, ttw seafing tape is installed about the entire circumference of the outer surface ol side wall 39 and 
so preferably extends from proximate e.g. bottom seal groove 130 to a location generally proximate sealing groove 1 76 
or 180. as appfies. Tape 182 covers air ports 38. and blocks unrestricted access of air to the air porta, until such time 
as the cell is to be ptoced into service. When placement of the cell into service is imminent the tape is removed, thereby 
exposing the air ports to ambient air. whereby the cathode half reaction is facilitated. 

[041 4] Seal tape 1 82 can be made from any of the seal tape materials known for use over air ports of air depolarized 
55 cells. Preferred materials are those known for use where chemicai reactions are suitably suppressed, for lack of air. 

until such time as the cell is to be placed into service. 

[0415] Such material can have, for example, a 2 inch wide base web about .002 tnch thek and with suitable known 
porosity, with e.g. suitable pressure sensitive adhesive mounted thereon. The tape is applied by wrapping a suitable 
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are used, (or any electrolyte t get through the diffusion member, me electrolyte must either traverse through the 
thickness of 3 layers ot the PTFE (not likely), or traverse along facing surfaces ot adjoining layers of the PTFE for 3 25 
times the circumference of the diffusion member (again not likely). Given the above obstacles lo liquid egress from the 
cell, liquid electrolyte in general does not exit the cell through the PTFE diffusion member. Thus, the multiple layer 
s endless wrap structure of the PTFE diffusion member is a significant factor in impeding such liquid exit through the 
diffusion member 

[0426] In technically preferred embodiments, the diffusion member is turned inwardly about the circumference of the 
cell, over the top of the separator or cathode current collector, and downwardly onto the top portion of the inner surface 
of the respective cathode current collector or separator The downwardly-depending portion of the PTFE on the inner 
to surface of the cathode current collector or separator provides a first-encountered sealing shield, in slot 1 74. impeding 
movement of electrolyte or electricity from anode mix 20 to the cathode current collector or the cathode can, thus 
impeding internal electrical shorting in the cell. 

OVERALL METHOD OF MAKING A CELL 

1$ 

[0427] The following materials are provided for assembly of a cell of the invention. A cathode can as described above 
is provided. Such cathode can has air ports 36 in side wall 39, in suitable number preferably evenly distributed over 
side wall 39 adjoining the prospective reaction surface area ol the air cathode assembly. The cathode can includes 
provision for stabilization ol the bottom of the air cathode assembly as at either slot 116 or through plug 128, or the 
£0 like, optionally in combination with groove 1 22 or 1 30. The cathode can preferably further includes grommet stop groove 
102. 

[0428] An air cathode assembly 26 as described above, is provided. In such air cathode assembly, an upstanding 
free edge region of the PTFE diffusion member preferably extends e.g. about .050 inch to about .150 inch, preferably 
about . 1 00 inch to about . 1 25 inch, above the top of the cathode current collector. 
2S [0429] A grommet 16 is provided, including ledge 106 properly positioned for interfacing wrth grommet stop groove 
102. Either grommet stop groove 102 or ledge 106, or both, can be continuous as shown, or can be intermittent about 
the circumference of the can and grommeL The only requirement is suitable interface to stop advance of the grommet 
as the grommet is assembled into the cell. 

[0430] A separator 16 as described above b provided. The height of the separator is such as to extend generally 

30 from the top of slot 116 or plug 1 28 to and into what will become slot 174 between grommet 1 8 and side wal 39 of the 
cathode can. The width of the separator is sufficient to extend more than the full circumference of the anode cavity. 
The composition of the separator is preferably as described above, though a wide variety of known separator materials 
can be tolerated in the invention. The thickness and resiliency of the sheet material used to make separator 16 is such 
as to anticipate a resilient expansion of a tightly coiled such material inside the air cathode assembly when the lightly 

as coiled material is released inside the cathode can. 

[0431] A suitable anode mix or anode mix precursor is provided. The anode mix is preferably the above described 
wet anode mix, preferably made as described, with the electrolyte composition being incorporated with the dry powder 
prior to the anode mix being incorporated into the cell. However, a wide variety of known anode mixes, including dry 
anode mixes, subsequently wetted inside the anode cavity, can be used in celts of the invention: and a wide variety of 

40 known operable methods of making such anode mixes, are acceptable, and operable in making celts ol the invention, 
although the above described anode mixes are preferred. The reason such anode mixes are preferred is because such 
anode mixes can potentially provide higher discharge rates than other, more widely-used anode mixes. 
[0432] A suitable anode current collector is provided. While a wide variety of anode current coBectors can be used, 
a preferred anode current collector for some embodiments is a brass nail (70% coppef; 30% zinc) tn the form ot a sold 

46 rod, coated (e.g. plated) with tin, gold, or other material providing a sufficiently high hydrogen overvoltage to impede 
self-generation of hydrogen gas ftside the environment extant in the cell. 

[0433] A suitable bottom seal material 1 40 is provided. The bottom seal material can be provided in either solid or 
melteoVliquid term depends^ on the method which is to be used in placing the seal material into the celL When the 
seal material is provided in meftedform, the melted material is generally contained in suitable spray machinery including 

so a suitable reservoir, a spray nozzle, and a pump for pressurizing the melted seal material. When the seal material is 
provided in solid form preferably a single pellet of suitable weight (e.g. 0.25 gram for a size 'AA' cell) is provided. 
Multiple pellets, of suitable combined mass, tor use in a single ceO are acceptable, but less desirable. 
[0434] Given the above provided materials, air cathode assembly 26 is inserted into the cathode can. with the bottom 
of the air cathode assembly extending to the inside surface of the lowest extremity 11 2 of bottom wal 37. 

55 [043q The bottom wall of the cell is then crimped, either at flange 138 or against a conductive plug 128, using a 
groove e.g. 1 22 or 1 30. thus to fix air cathode assembly 26 in position in the can to provide electrical contact between 
the cathode current collector and the cathode can. and to effect a seal impeding flow of electrolyte around the lower 
end of the cathode assembly and thence out of the cell. 



39 



EP 0 940 866 A2 



aperture 154. 

[0448] The subassembly ol the grommet and the anode current collector is then inserted tnt the anode cavity, with 
the shank of the current collector disposed inwardly ol the grommet. and penetrating int , and into intimate physical 
and electrical contact with, the anode mix. The grommet/current collector subassembly is preferably advanced into the 

5 anode cavity until grommet ledge 1 06 abuts ledge 1 04 of stop groove 1 02 of side wall 39 of the cathode can. 

[0449] After the grommet and anode current collector are inserted into the cathode can, suitable grooves are formed 
or expanded about the side wall of the cathode can to lock the grommet in place, and to provide effective seats against 
leakage of e.g. electrolyte out of the cell past grommet 18. For example, the cell can be turned against suitable toots 
to create grommet lock groove 1 78 (FIGURE 30) and/or top sealing groove 180, or bolh (FIGURE 30), about the entire 

io circumference of side wall 39. Grommet lock groove 1 78 is optional Top sealing groove 1 80 is obviated where grommet 
stop groove 102 is expanded downwardly as shown in, for example, FIGURES 2 and 38 to form wide grommet lock 
groove 176. generally extending between and including what are shown as stop groove 102 and sealing groove 180 
in FIGURE 30. 

[0460] Inserting grommet 18 and anode current collector 22 into the can. and forming the recited grooves 1 76, 1 78, 
is 1 30. as appropriate, completes the closure of the cell, including forming a desirably tight closure and seal of the ceil. 
[0461] Wide sealing groove 1 76 is fabricated by placing the working tool into grommet stop groove 1 02. and holding 
the tool at a suitable radius to provide inwardly-directed sealing force against grommet 18 white turning the cell and 
gradually moving the working tool downwardly from the height of stop groove 102. As the tool is moved gradually 
downwardly while holding the recited radius, stop groove 102 is expanded downwardly and optionally inwardly thereby 
20 to bring pressure to bear against the diffusion member, cathode current collector, and separator, and indirectly against 
grommet 1 8, over an expanding vertical height eventually reaching the dimension *H1 " (FIGURE 38) and locking the 
diffusion member, the cathode current collector, and separator in a press-fit configuration in slot 174, against grommet 
18. thus to form the wide grommet lock groove as illustrated in FIGURES 2 and 38. 

[0462] Height *H r of wide grommet lock groove 176 is substantially greater than the height of grommet stop groove 
2S 1 02 illustrated in e.g. FIGURES 1 8 and 31 . Typical ratio of the height "H1 ' of grommet lock groove 1 76 to the height 
of grommet stop groove 102 is of the order of about 2/1 to about 1071 , with preferred ratio of about 4/1 to about 8/1 . 
[0463] With suitable sealing grooves anoVor locking grooves having been formed in side wall 39, the cell is at that 
point adequately closed and sealed against leakage of contents of the cel. Top edge 177 of the cathode can is then 
crimped inwardly* along with top ridge 172 of the grommet against the top surface of the grommet thereby to provide 
30 the final closure crimp in closure of the celL 

[0464] if an anode end cap 24 is to be used, the anode end cap is placed against the top of the grommet before the 
top edge of the can and top ridge of the grommet are crimped over. In such event, the circular outer perimeter of the 
anode cap is thus trapped in slot 170 as the top edge of the can and the top ridge of the grommet are crimped over, 
holding the anode cap to the anode end of the cett. The anode cap is electrically isolated from top edge 1 77 of cathode 
3$ can 28 by the intervening electrically insulating top ridge 172 of the grommet 

[0466] While the anode cap is thus placed in close, and likely touching, proximity with head 1 52 of the anode current 
collector, a spot weld is preferably formed between head 1 52 and cap 24. thus to establish excellent electrical contact 
between the anode current collector 22 and anode cap 24. 

[0466] Correspondingly, if a cathode cap 30 is to be used, the cathode cap is placed against preferably the lowest 
40 extremity 112 of the cathode can. and welded in place, thereby to obtain physical securement of the cathode cap to 
the cathode can and to estabSsh excellent electrical contact with the cathode can. 

HOLLOW ANODE CURRENT COLLECTOR 

4S [0467] FIGURES 31 A and 31 B represent cross-sections of repreeentatlve cells after significant discharge of the 
respective cede, FIGURE 31 A represents a eel having an anode wherein the zinc was placed in the anode cavity in 
the dry condrtiorv with the electrolyte having been added to the anode cavity after addition of the dry anc. 
[0468] By contrast, FIGURE 31 B represents a cell having an anode wherein the zinc was placed in the anode cavity 
in the wet condWon. Namely, the electrolyte was added to t and mixed with, the zinc before the zinc was placed into 

50 the anode cavity. 

[0469] Both of FIGURE S 31 A and 31 B iHustrate movement of reaction front 156 of the anode half reaction as oxygen 
from the air combines with the zinc in the anode, through the auspices of hydroxyl cornponenis of the electrolyte. As 
illustrated therein, the relatively lighter colored anode mix material 158, namely the reacted zinc oxide, generally em- 
anatee inwardly from air cathode assembly 26. The relatively darker colored anode mot material 160. namely the 
55 unreacted zinc, is generally disposed relatively inwardly in the eel about the anode current collector. 

[0460] As FIGURES 31A and 31B illustrate generally, inafresh, unused cell, being put into use for the first time, the 
anode naif reaction between hydroxyl ton and zinc initially takes place immediately adjacent the air cathode assembly 
Thus, the reactive hydr xyl ion reacts with one of the first available zinc parttelee it encounters as it leaves the cathode 
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the ratio ot energy t weight is favorably advanced. 

[0472] Thus, as diameter # DV ol hollow shank 150 is increased, the amount of unreacted zinc existing in the cell 
after full effectrv discharge of the celt is decreased until the shank is sufficiently large, thus sufficiently ctoee to the 
separator, that substantially all the zinc is consumed by the lime the cell reach©* (he end point voltage, of typically 
5 about 0.9 volt to about 1 .0 volt Namely, the greater the diameter 'D1 , a the closer is side wail 1 84 to separator 16. and 
thus the less the distance between shank 150 and separator 16. 

[0473] in comparing variations of the embodiments represented by FIGURE 32, and in light of the teachings respect* 
ing FIGURES 31 A. 31 8. and further assuming that the diameter of the shank does not extend outwardly beyond the 
reaction front represented in e.g. FIGURE 31 8, the closer side wall 164 of shank 150 comes to separator 1 6. the less 
io the amount of unreacted zinc at the end pomt. Where the ratio of total energy to weight is an important operational 
criterion ot the cell, the preferred construction is a cell having no, or substantially no. unreacted zinc at the cell end 
point, namely when the cell can no longer provide the threshold required voltage at the effective load. Accordingly, the 
diameter of shank 150 preferably corresponds generally with the diameter of the reaction front when the end point 
voltage of the cell is reached. 

i5 [0474] I n that regard, compared to an anode current collector having a solid shank, improvement in the energy/Weight 
ratio is seen at any time when the expanded diameter of shank 1 50 displaces what would otherwise have been unre- 
acted zinc at the end point of the use life of the eel Accordingly, some benefit is usually seen when the distance 
between side wall 164 and separator 16 is no more than 40 percent of the average distance across the diameter, or 
other cross-section, of anode cavity 137. Oepending at least in part on width *W5" of anode cavity 137, further im« 

20 provements are seen in the energy/weight ratio in certs wherein the distance between side, wall 184 and separator 16 
is less than 40 percent of the average distance across the diameter Thus, a distance of no more than 30 percent 
typically provides an improvement over the 40 percent distance. 

[0475] A still further improvement is typically obtained when the distance is no more than 25 percent Yet further 
improvement is seen in at least some embodiments when the distance is no more than 20 percent In some embodi- 
es ments, still further improvements are seen when the distance is no more than IS percent, or 10 percent. The actual 
optimum percentage depends on a variety ot parameters relating to the specific eel under consideration. Such param- 
eters can include, for example, size and configuration of the anode cavity, the wet or dry condition of the zinc when 
placed in the anode cavity, end point voltage, drain parameters including drain rate, and the like. 
[0476] As used herein, "average distance across the diameter" means the average distance taken across the cross* 

30 section of the cell, and wherein diameter is the diameter of a cell having the same cross -sectional area as the specific 
cell being evaluated. Thus are cells having non<yltndrical configurations provided for, as wefl as cylindrical cells. 
[0477] Once the expanded diameter of shank 150 reaches the point where no substantial mass of unreacted zinc 
as at 1 60 remains when the cell reaches the end point namely the diameter of the shank corresponds with the reaction 
front at the end point, any further reduction in the distance between shank 1 50 and separator 16 does not significantly 

3$ further improve the energy/weight ratio, whereby the average distance between the tubular anode current collector 
and the separator is sufficiently small that substantially no unitary unreacted mass of zinc remains proximate the anode 
current collector when the cell reaches typical end point voltage of about 0.9 volt to about 1 .0 volt. Where the reaction 
front is not parallsl to shank 150, the optimum diameter Is somewhat less than where the reaction front is parallel to 
shank 150. and a corresponding adjustment in the designed cross-section of shank 150 is preferred. 

40 [0478] SttU referring to FIGURE 32. side walM 84 and end wall 186 of shank 1 50 define cavity 1 88 inside shank 1 50. 
Cavity 168 can be open to ambient atmosphere through port 189 in head 152 of current collector 22. Accordingly, any 
pressure imposed on shank 150 which translates to a dimensional change in e.g. diameter of shank 150 results in a 
corresponding ingress or egress of air into or out of cavity 188 through port 189. Corresponding^ cavfcy 188 is not 
open to anode cavity 137, which would obviate the pressure moderating effect of port 189. 

45 [0470] Side wall 184 can be defined by a suitable material have a suitable thickness *TV for example and without 
limitation, about .006 inch to about .020 inch, defining a structural strength in shank 1 50 such that shank 1 50 withstands 
forces typically exerted inside anode cavity 1 37. Such forces represent, tor example, the increased vomjme requirement 
of the anode material ae the zinc is converted to zinc oxide in the electrochemical reaction. Such suitable material can 
be any of the braes compositions conventionally used for anode current collectors in cells having alkaine environments. 

so for example, brass having compositions of 70 percent copper 30 tin. or 60 copper 40 tin. Other brass cenrposrtions. 
as well as other conventional anode material compositions, can be used as desired. The composition requirements 
are only limited by the suitability of the material for use as a current collector in the alkaline e.g. potassium hydroxide 
environment various material compositions are known for use in such alkaline environments, and aft such materials 
are contemplated for use in the instant invention. 

55 [0480] in other embodiments, thickness T3" is selected, along with suitable material, to be thinner, for example and 
without limitation, about .002 to about .020 inch thick, such that shank 150 collapses under forces typically extant in 
the anode cavity during typical conditions to which the cell ts exposed. While the same materials as above can be 
used. e.g. the thickness of side wall 1 84 is reduced, whereby the side wall of the shank which passes through grommet 
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TABLE 3 (continued) 



Ex. No. 


Discharge Current 


Current per Cathode Area 


h no 0.9V Best of 5 celts 


AhrtoO 9V Best of 5 Cells 


3C 


1 Amp 


1 35 mA/cm 2 


1.0 


1.0 


4C 


.05 Amp 


7 mA/cm* 


46.0 


2.3 



Referring to Table 3. Examples 1 and 2 represent celts of the invention. Examples 3 and 4 represent conventional celts 
"Best of 5 cells' means that 5 cells were tested, and the number reported was the best ceil of the 5 tested. 
[0493] Table 3 shows that cells of the invention have distinct advantage over same-sized conventional alkaline man- 
10 ganese cells. 

CAN-LESS CELL DESIGN 

[0494] FIGURES 33 and 34 illustrate yet another set of embodiments of cells of the invention, wherein the cathode 
lS can per se has been deleted as a receptacle for receiving and containing the remaining elements ot the cell, and 

structural strength of the cell is provided by other cell elements. To that end, the cathode current collector is preferably . 

007 inch thick instead of the 0.005 inch thickness indicated for the previous embodiments which do include a cathode 

can. A top e.g. closure member is used to consolidate the cell elements at the top of the celL A bottom e.g. closure 

member is used to consolidate the cell elements at the bottom of the ceil. 
20 [0495] FIGURES 35 and 36 illustrate first and second apparatus and methods for assembling the top and bottom 

closure members with the remaining elements of the ceil. 

[0496] Finally. FIGURES 37 and 38 illustrate embodiments of the can-less cells employing hollow anode current 
collectors. 

2S BASIC CAN-LESS CELL DESIGN 

[0497] Referring now specifically to FIGURES 33 and 34, cathode assembly 26 Is configured and assembled as in 
the above described embodiments except that a thicker cathode current collector ts used. Preferred cathode current 
collector is 0.007 inch thick, thereby providing additional hoop strength to the cathode assembly. Cathode assembly 
30 26 is made in the manner described above, making allowance for the thicker current collector material. 

[0498] Annular top closure member 200 receives the top end of the cathode assembly, while annular bottom closure 
member 202 receives the bottom end of the cathode assembly Anode current collector 22 is received through top 
closure member 200 and projects into the anode mix as in the earlier embodiments. 

[0499] Top closure member 200 includes a stirnmed-down nylon grommet 204 received in a metal contoured top 
35 washer 206. Grommet 204 receives anode current collector 22 through central aperture 154. Contoured top washer 
206 includes an outer annular slot 208 which receives an annular member 210 of grommet 204, the grommet having 
a corresponding annular slot 211, whereby the combination of slots 206, 211 define an annular receptacle receiving 
the top edge region of the cathode assembly. 

[0500] FIGURE 34A illustrates another embodiment ol the can-less, receptacle-less structure, wherein the illustration 
40 shows the cell immediately prior to crimping of the top closure member inwardly in final closure of the cell. As shown, 
grommet 204 is constructed with a substantial angle p in slot 211 , of about 2 degrees to about 90 degrees, preferably 
about 5 degrees to about 30 degrees, more preferably about 5 degrees to about 20 degrees. Thus, slot 211 is quite 
open at the bottom to receive cathode assembly 26. Angle P is defined by upwardly extending leg 21 OA. outer flange 
210B, and downwardly depending leg 210C, of annular grommet member 210. Top washer 206 is placed over the 
46 grommet. whether before or after the grommet is assembled to the cathode assembly, Final crimping of top washer 
206 inwardly against lag 214, accordingly, also substantially collapses angle p ot the grommet while closing slot 211 
and crtnpng leg 212 against the side of the top closure structure. 

[0501] FIGURE 34A further illustrates in dashed outline that leg 21 0C can initially extend outwardly from flange 21 OB. 

I such case, leg 21 0C ts pushed downwardly when top washer 206 is assembled to the grommet. to the position shown 
50 for leg 21 0C in solid outline in FIGURE 34A. 

[0502] FIGURE 348 illustrates a further embodiment of the can-less receptacle-less structure, as in FIGURE 34A. 

but without downwardly extending leg 210C. Rather, annular member 210 ends at the outer edge of outer flange 2108 

approximately in line with the outer surface of diffusion member 36. In this embodiment, outer leg 212 of washer 206 

is crimped directly against the outer surface of the diffusion member. Thus, in this embodiment, diffusion member 36 
sfi takes on an additional function of providing electrical insulation between top washer 206 and cathode current collector 

32. 

[0503] FIGURE 34C illustrates a yet further embodiment derived from the structure of RGURES 34A and 348. and 
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leakage of electrolyte out of the bottom of the cell. Finally, joining the bottom closure member to the cathode assembly 
generally defines a receptacle for receiving the anode material. 

[0515] With the bottom closure member joined with the cathode assembly, and sealed to the bottom of the cathode 
assembly, the subassembly is then placed in an upright disposition, with the top of the cathode assembly extending 

5 upwardly to define a generally open receptacle. 

(0516] Next the separator is inserted in the manner described earlier. The separator material and structure can be 
that of any of the separators described earlier. After the separator has been inserted, either or both ot isolation cup 
1 42 and/or seal 140 are inserted into the open receptacle to finish defining the interior of the anode cavity. The anode 
mix is then placed in the cell, either a wet anode mix or the 2-step addition of a dry anode mix as described earlier herein. 

10 [0617] With the anode mix in place, the top closure member, including the anode current collector, is placed on the 
top of the cathode current collector, correspondingly inserting the anode current collector into the anode mix. The 
combination of top closure member 200 and anode current collector 22 is then crimped in place to thereby seal the 
cell. Inserting the anode current collector into the anode mix establishes electrical contact between the anode mix and 
the anode terminal at head 152 ol the anode current collector. The crimping of the top closure member to the cathode 

15 current collector closes the cell to leakage of electrolyte out of the cell. 

[051 8] Top and bottom closure members 200. 202 can be crimped to the cathode assembly at the above respective 
steps using apparatus such as that illustrated in FIGURE 35. Referring to FIGURE 35. a spring-mounted holder 228 
receives the top end of the cathode assembly and supports the top end while the bottom end of the cathode assembly 
is disposed upwardly in the apparatus shown. 

20 [061 9] Bottom closure member 202 is then placed on the upwardly-disposed bottom encj of the cathode assembly. 
A slotted, cone-shaped collet 230 is then advanced downwardly onto the bottom closure member and against conicaily- 
shaped female tooling 231. simultaneously clamping downwardly and inwardly on the bottom closure member. An 
inner supporting tool 232 provides support to inner leg 226 while collet 230 crimps inwardly on leg 224, thereby to 
establish crimped electrical contact between the cathode current collector and bottom closure member 202 at leg 226. 

2$ The crimp closure also crimps the cathode assembly against seal member 220, thus establishing the seal against 
leakage ol electrolyte out of the cell about the bottom edge of cathode assembly 26. 

[0520] With the bottom closure member thus secured to the bottom of the cathode assembly the subassembly is 
then turned right-side-up, with the bottom of the cell being disposed downwardly. The separator is then inserted into 
the subassembly, followed by isolation cup 142 ancVor seal 140 to thereby complete the definition of the anode cavity. 
30 Then, the anode mix is placed in the anode cavity. With the anode mix in place, the subassembly of top closure member 
and anode current collector is then assembled to the cathode assembly and the bottom closure member. Accordingly, 
the anode current collector is inserted into the anode mix and the top closure member is seated on the top of the 
cathode assembly such that the top of the cathode assembly is received in slot 211 . 

[0521] The above descrtoed assemblage is then placed in holder 228 of the closure apparatus illustrated in FIGURE 
3$ 35, with the bottom closure member being received in holder 228 and the loosely assembled top closure member 
extending upwardly therefrom. Collet 230 is then brought down onto top closure member 200. crimping outer leg 212 
ol the top closure member downwardly and inwardly while supporting tool 232 supports inner leg 214 in channel 236 
ol top closure member 200. 

[0522] The crimping process practiced in the working of FIGURE 35 in general provides closure grooves crimping 
40 the top and bottom closure members to the cathode assembly, and thus provides the same function as responding 
grooves 102. 176. 178. 180. 122. 130. and the like, which provide closure seals on the previously described embodi- 
ments which use cathode cans. Thus, in the embodiments which use cathode cans, the top and bottom portions of the 
cathode can serve the same closure functions as the bop and bottom closure members in the can-lees embodiments. 
Accordingly, wherever herein we refer to a top closure member* or a 'bottom closure member/ as respects closure 
45 and/or seal functions at the top and bottom of the cell, we specifically include respective top and bottom portions of 
the cathode can as the top and bottom closure members, in those embodiments which use a cathode can. 
[0523] As an attwnatlve to the toofkig of FIGURE 35. in the embodiment of FIGURE 38. top closure member tool 
234 advances downwardly onto channel 236, and pushes the entire cell assembly downwardly such that the respective 
outer leg 212 or 224, as appropriate, is crimped inwardly against tool 234 by conicalfy-shaped receptacle tooting 238. 

50 

CAN-CESS CELL HAVING HOLLOW ANOOE CURRENT COLLECTOR 

[0524] The embodiments of FIGURES 37. 38. 39. and 39A take the invention yet another step further in proving 
the energy/weight rat© of the cell. In FIGURE 37, the bottom comer structure is generally as enclosed with respect to 
55 FIGURES 2 and 3A. At the top of the ceB. grommet 18 includes an annular slot 240 which recerves the top ofthe a.r 
cathode assembly. Top contour washer 206 is received on the top ot grommet 18. and extends ctownwa/cUy acouttne 
outer edge of grommet 18. crimping an outer flange 242 of the grommet outwardly of slot the «thode 

assemWy thus locking the cathode assembly into slot 240. A downwardly depending Bp 244 of contoured washer 206 
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having a thickness, a top and a top edge, a bottom, a first outer surface and a first inner surface, and an array 
ot perforations extending through the thickness of the side wall from the outer surface of the side wan to the 
inner surface of the side wail: and 

(b) a catarytcalry active carbon composition e.g. comprising carbon, polymeric binder and manganese (II) 
5 moieties, m unted on the side wall o1 said cathode current collector and extending into the perforations in said 

cathode current collector. 

the resulting cathode assembly precursor having a second outer surface and a second inner surface. 

*o 2. A cathode assembly precursor according to Claim 1 . said cathode current collector comprising a cylindrical cathode 
current collector free from longitudinal jointing along the length of said cathode current collector, or said cathode 
current collector comprising a longitudinalfy-ext ending joint free from overlap of elements of said side waif at said 
joint, or said cathode current collector comprising interdigitated elements of said side wall joined to each other and 
thereby forming a longitudinally-extending joint on said side wall. 

15 

3. A cathode assembly precursor according to Claim 1 or Claim 2, said cathode current collector comprising an 
imperforate edge region at at least one of said top and said bottom. 

4. A cathode assembly precursor according to Claim 1 , 2 or 3, said cathode current collector comprising imperforate 
20 edge regions at said top and said bottom, together extending along no more than 20 percent of the length of said 

cathode current collector, for example they together extend along about S percent to about 1 5 percent of the length 
of said cathode current collector. 

5. A cathode assembly precursor according to any of Claims 1 to 4, the array of perforations defining a perforated 
zs area ol said side wall, the array of perforations further defining an open traction of said side wall, of about 45 

percent to about 70 percent of the perforated area, preferably about 49 percent to about 65 percent of the perforated 

area. 

6. A cathode assembly precursor according to any preceding Claim, respective ones of the perforations having pe- 
30 rimeters defining comers therein, the comers being effective to assist in holding said carbon composition securely 

mounted to said cathode current collector. 

7. A cathode assembly precursor according to any preceding Claim wherein said catalyticatry active carbon compo- 
sition comprises a layer of said carbon composition disposed on one of the first inner and first outer surfaces of 

3S said cathode current collector, said composition either extending into the perforations, or said composition extend- 

ing through the perforations to the other of the first inner and first outer surfaces of said cathode current collector, 
and extending laterally outwardly from respective ones of the perforations along the other of the first inner and first 
outer surfaces of said cathode current collector, and for example said caiarytteally active carbon composition covers 
substantially equal portions of the first inner and first outer surfaces of said cathode current collector. 

40 

8. A cathode assembly precursor according to any of Claims 1 to 6. wherein said cataryticalty active carbon compo- 
sition covers substantially the entirely of each of the first inner and first outer surfaces of said cathode current 
collector. 

45 9. A tubular cathode assembly comprising a cathode assembly precursor according to any preceding Claim, and 
including an air diffusion member mounted on the second outer surface of said cathode assembly precursor, said 
air diffusion member preferably having a thickness of about 0.0025 inch to about 0.005 inch. 

10. A tubufar cathode assembly according to Claim 9. said air diffusion member comprising an endless wrap of air 
so diffusion sheet material extending at least 1 .5 times, preferably at least 2 times and more preferably at least 3 
tknes. about a circumference of the second outer surface of said cathode assembly precursor, such thai said air 
diffusion member effectively discourages transfer of moisture vapor into or out of a cell into which said cathode 
assembly is incorporated, discourages leakage of liquid electrolyte, and controls rate of diffusion of air into the cel. 

ss ii. A tubular cathode assembly according to Claim 9. said air diffusion member comprising an endless wrap of air 
diffusion sheet material extending at feast 2 times about a circumference of the second outer surface of said 
cathode assembly precursor, the air diffusion sheet material having variations in thickness along the length ol said 
air diffusion sheet material, of at least 5 percent the at least two wraps attenuating the effect of the variations in 
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the mandrel and the cathode current collector in a stack of assembly rolls; 

(c) fabricating carbon sheet structure comprising catalytically active carbon, and up to about 10 percent by 

weight of a binder, and thereby forming sheet structure of the catatyticalty active carbon composition, having 

a machine direction and a cross direction; 
5 (d) making a sheet stack of respective over tying underlying ones of at least first and second elements of the 

carbon sheet structure, such that the sheet stack has a top and a bottom, and a thickness therebetween; 

(e) passing the sheet stack through a nip and thereby applying force to the stack such that the applied force 

effects reduction in the thickness of the stack, in combination with consolidation of the respective elements ol 

the carbon sheet structure into a unitary composite carbon sheet; and 
to (f) passing the so-consolidated carbon sheet into the stack of assembly rolls and thus through at least one np 

acting between the mandrel/current collector and a respective one of the assembly rolls, and applying force 

at the at least one nip sufficient to collectively apply and consolidate the consolidated carbon sheet onto an 

outer surface of the elongate side wall of the cathode current collector and 

is lor example in step (0 sufficient force is applied at the at least one nip to deform portions ol the carbon sheet into 

the perforations, thereby mechanically securing the carbon sheet to the cathode current collector. 

20. A method according to Claim 1 9, including, after consolidating the carbon sheet onto the cathode current collector, 
while retaining the assemblage of the cathode current collector and the carbon sheet on the mandrel, passing an 

20 air diffusion material into the stack of assembly rolls and thus through the at least on&nip, and applying force at 

the at least one nip collectively sufficient to apply and consolidate the diffusion material onto the carbon sheet 
and optionally (a) including compressing or stretching the air diffusion material while passing the air diffusion ma- 
terial into the stack of assembly rolls and thus through the at least one nip, applying a sufficient length of such 
compressed or stretched air diffusion material to the carbon sheet to wrap the carbon sheet in at least two and 

2$ preferably at least three endless layers of compressed or stretched air diffusion material, thereby to fabricate onto 

the carbon sheet a unitary, multiple layer air diffusion member and/or (b) including aligning the air diffusion material 
so as to extend outwardly beyond an edge of the cathode current collector, and folding the outwardly extending 
portion inwardly about the edge of the cathode current collector and against an inner surface of the cathode current 
collector. 

30 

21. A method according to Claim 19 or Claim 20, including applying liquidous seal rings on the air diffusion member 
adjacent opposing ends of the cathode current collector. 

22. An air depolarized electrochemical cell comprising an anode, a cathode, a separator, and electrolyte, said cathode 
35 comprising a tubular cathode assembly comprising a cathode assembly precursor according to any ol Claims 1 

to 8, or a cathode assembly according to any of Claims 9 to 1 3. 

23. An air depolarized electrochemical cell comprising an anode, a cathode, a separator, and electrolyte, said cathode 
comprising a tubular cathode assembly made according to a method according to any of Claims U to 21 . 

40 
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